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Department op the Interiob, 

Bureau op Education, 
Washingtouy D. C, February 19, 1889. 

Sir: I have the honor to transmit herewith the manuscript of a His- 
tory of Mathematical Teaching in the United States, by Prof. Florian 
Cajori, a graduate of the University of Wisconsin, student at Johns 
Hopkins University, and recently professor of applied mathematics in 
Talane University of Louisiana — a work prepared with your approval, 
under the direction of this OflBce. 

The table of contents indicates the wide scope of the work and the 
variety of subjects treated, but scarcely more than suggests the pains- 
taking labor involved in its preparation. Professor Cajori's researches 
have extended through ^several years, and have been pursued, In the 
libraries of Baltimore, Philadelphia, and Washington. He has person- 
ally conducted a large correspondence with alumni, and past and pres- 
ent instructors in the higher educational institutions, and has been 
aided by 1,000 circulars of inquiry sent from this Office relating to the 
present condition of mathematical teaching in schools of all grades. 

I am convinced that this monograph will prove of great value to all 
teachers and students of mathematics, and will be not without interest 
to any person engaged in the work of education. I therefore respect- 
fully recommend its publication. 

I have the honor to be, sir, very respectfully, your obedient servant, 

N. H. E. Dawson, 

Commissioner. 

Hon. Wm. F. Vilas, 

/Secretary of the Interior^ WashingtoHy D. 0. 
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DEPATl'nrENT OF THE INTERIOR, 

Waahingtorij D, C, April 11, 1889. 

The Commissioner op Education: 

Sir : I acknowledge the receipt of your letter of February 19, 1889, 
in which yon recommend the publication of a monograph, a history oi 
mathematical teaching in the United States. 

Authority is hereby given for the publication of the monograph, pro- 
vided there are funds in sufficient amount available for such purpose 
Very respectfully, 

John W. N^oble, 

Secretary. 

6 



CONTENTS. 



I. Colonial Times ^ 

(a) Elementary Schools 9 

(6) Colleges 18 

Harvard College 18 

Yale College 28 

William and Mary College 33 

Uniyersity of Pennsylvania 36 

(o) Self-tanght Mathematicians 37 

IL Influx op English Mathematics 44 

(a) Elementary Schools « 45 

(6) Colleges 55 

Harvard College 57 

Yale College 61 

University of Pennsylvania • 65 

College of New Jersey (Princeton) 71 

Dartmouth College 73 

Bowdoin College 75 

Georgetown College •• 77 

University of North Carolina 77 

University of Sonth Carolina i..... 81 

Kentucky University 83 

United States Military Academy 84 

(c) Self-tanght Mathematicians 86 

(<f) Surveying of Government Lands 92 

(e) Mathematical Jonmals 94 

ni. Influx of French Mathematics 98 

(a) Elementary Schools 106 

• (6) Colleges — United States Military Academy 114 

Harvard College 127 

Yale College 1 151 

College of New Jersey 160 

Dartmouth College 165 

Bowdoin College 170 

Georgetown College 173 

Cornell University 176 

Virginia Military Institute 188 

University of Virginia 191 

University of North C<arolina 204 

University of South Carolina 208 

University of Alabama 214 

University of Mississippi 219 

Kentucky Univtirsity . 225 

University of Tennessee.... •• 227 

7 



8 CONTENTS. 



m. Influx of Frbnch MATHBMATics~Col]egee—<?oD tinned. 

Tulane University of Louisiana....... '.... S31 

University of Texas 236 

Washington University 2:)9 

University of Michigan •• 244 

University of Wisconsin • f^3 

Johns Hopkins University •• 261 

(o) MathcmaticalJonmals •• 277 

(d) U. 8. Coast and Geodetic Survey 286 

IV. Thk Mathematical TsACHiNa at the Pbesent Timb 293 

V. Historical Essays: 

(a) History of Infinite Series 361 

{b) On Parallel Lines and Allied Sabjccts 376 

(c) On the Fonndat ion of Algebra 335 

(d) Difference between Napier's and Natoral Logarithms 388 

(e) Circle Squarers...., 391 

APPENDIX. 

BiBUOGBAPHY OF FLUXIONS AND THB CALCULUS 396 



TEE TEACHING AND HISTORY OF MATHEMATICS ] 
THE UNITED STATES. 



COLONIAL TDIES. 

Elementary Schools. 

On tbe study of uiaDicmiitics ini'temcutary sclioola of the American 
cDluiiies Imt little cau be siiid. In early coluuutl daya sehouU ilid iiot 
exist except in towus and in the niore deiist.'ty stilled districts; and 
even where BcLouis were kept, the study of matLematics was often not 
pursued at all, or consisted simply in learuiug to count and to pel form 
tUe fundamental operatiooB with iutegral numbers. Thus, iu tlam[i- 
I 8t«ad,N. n.,in 1750, it was voted "to hire a schuol-ma^^ter for sis mouths 
L In ye summer season to teacli ye cbildren to read ami write." Arith- 
r toetic had not yet been introduced there. As late as the beginning of 
Ithiscentnry there were schools ill country dii^tricLs in which arithmetio 
I Xras not taught at .ill. Bronson Alcott, the proiuiueut educator, born in 
'Massachusetts iir 1709, in describing the schools of hts boyhood, saya: 
■'Until within a few years no studies have been permitted in the day 
school but siwlliug, reading, and writing. Arithmetic was tanght by a 
few instruclors one or two evenings iu a week. But in spite of tLe most 
determined opposition arithmetic is now permitted iu the day school." 
K'7his was in Massachusetts at the beginniug of this century. 

In secondary schools, " ciphering" was tiiught duriug colonial times, 
which consisted generally iu drillinfj students in the manipulation of 
integral numbers. Ue was an exceptional teacher who possf used a fair 
kuowledge of "Iractious" and the " ride of three," and if some pupil of 
rare genius managi'd to muster fractiony, or «iven pass beyond the " rule 
of three," then he was judged a finished mnthematician. 

The best teachers of those days were college students or college 
graduates who engaged in teaching as a step[>ing-atone to something 
better. An example of this class of teachers was John Adams, after* 
wards President of the United States. Immediately after graduating 

1st Uarrard and Iwfore enteriug upon the study of law, he presided, for 
^ few years, over the grammar school at Worcester. From a letter 
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10 TEACHING AND HISTOEY O^ MATHEMATICS. 

written by bim at Worcester, September 2, 1755, we clip the following 
description of the teacher's daily work : 

As a hanghty monarch ascends his throne, the pedagogao mounts his awful great 
chair^ and dispenses rif^ht jastice through his whole empire. His ohsequious subjects 
execute the imperial mandates with cheerfulness, and think it their high happiness 
to be employed in the service of the emperor. Sometimes paper, sometimes his pen- 
knife, now birch, now arithmetic, now a ferule, then ABC, then scolding, then flatter- 
ing, then thwacking, calls for the pedagogue's attention. 

School appliances in those days were wholly wanting (excepting the 
fernle and birch rods). Slates were entirely unknown for school use 
until some years after the Revolution ; blackboards were introduced 
much later. Paper was costly in colonial days, and we are told that 
birch bark was sometimes used in schools in teaching children to write 
and figure. Thirtj'-six years ago a writer in one of our magazines* 
wrote as follows : 

"There are probably men now living who learned to write on birch 
and beech bark, with ink made out of maple bark and copperas." But 
more generally " ciphering " was done on paper. Dr. L. P. Brockett 
says that on account of its dearness and scarcity, '< the backs of old let- 
ters, the blank leaves of ledgers and day-books, and even the primer 
books were eagerly made use of by the young arithmeticians." 

Since few or none of the pupils had text-books it became necessary 
for the teacher to dictate the '^ sums." As in the colleges of that time, 
so in elementary schools, manuscript books were used whenever printed 
ones were not accessible. To advanced boys the teacher would give 
exercises from his manuscript or " ciphering-book," in which the prob- 
lems and their solutions had been previously recorded. " With a book 
of his own the pupil solved the problems contained in it in their proper 
order, working hard or taking it easy as pleased hito, showed the solu- 
tions to the master, and if found correct generally copied them in a blank- 
h66k provided for the purpose. • • • Some of these old manuscript 
ciphering-books, the best, one may suppose, having come down through 
several generations, are still preserved among old family records, bear- 
ing testimony to the fair writing and the careful copying, if not to the 
arithmetical knowledge, of those who prepared them. When a pupil was 
unable to solve a problem he had recourse to the master, who solved it 
for him. It sometimes happened that a dozen or twenty pupils stood 
at one time in a crowd around the master's desk waiting with • • • 
problems to be solved. There were no classes in arithmetic, no explana 
tions of processes either by master or pupil, no demonstrations of princi- 
ples either asked for or given. The problems were solved, the answers 
obtained, the solutions copied, and the work was considered complete. 
That some persons did obtain a good knowledge of arithmetic under 
such teaching must be admitted, but this result was clearly due rather 
to native talent or hard personal labor than to wise direction/'t Those 

•North Carolina University Magazine, Raleigh, l8o3, Vol. II, p. 452. 
t History of Education in Pennsylvania, hy Jam^aP^Y© VJVciV«i»\LWSi,'ft.*3ta>^. 
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teacliers who were the fortnriate possessors of a printed ariUnneUc 
it as a guide in place of the old " ciphering-book." 

ill ilio early schools, arithmetic was hardly ever tnngbt to girls. 
William Woodbridge says that in OonnecEicut, just before the Revolu- 
tion, he has "known boys that could do somethiug in the tlrst four rules 
of arithmetic. Girls were never tanght it."* lu the two "charity 
Bchools" in Philadelphia, which before the RevolHtion were the moat 
celebrated schools in Pennsylvania, boys were taught reading, writing, 
arithmetic; girls, reading, writing, sewing. Thus, sewing was made 
to take the place of arithmetic. Warren Barton, in his book entitled, 
» The District School as it was, by one who went to it," says that, among 
girls, arithmetic was neglected. The female portion " geuerally ex- 
pected to obtain husbands to perrorm whatever arithmetical operations 
they might need beyond the counting of fingers," Occasionally women 
were employed in summer schools as teachers, but they did not teaoh 
arithmetic. A school-mistress "would as soon have expected to 
the Arabic language as the nunieriiial science." 

The early school-books in New England and in all other English 
tlementswere much the same as those of Old England. John Locke, in 
his Thoughts concerning Education { 1690), says that the method of teach- 
ing children to read in England has been to adhere to "the ordinary 
road of bom-book, primer, psalter, testament, and bible." This same 
road was followed in New England. We are told that books of this 
kind were sold to the people by Johu Pynchou, of Spiinglield, from 
16S6 to 1672 and after.t Eegular arithmetics were a great rarity in 
this country in the seventeenth century. The horn-book has been raised 
by some to the dignified name of a "primer" f^r teaching reading and 
imparting religions instrnetion. If this be permissible, then why shonid 
we not also speak of it as an arithmetical primer f For, what was the 
horn-book T It consisteil of one sheet of paper about the size of an 
ordinary primer, containing a cross (called "criss-ctoss"), the alphabet 
in large and small letters, followed by a small regiment of monosyllables; 
then came a form of exorcism and the Lord's Prayer, and, finally, the 
Soman numerals. The leaf was moanted on wood, aud protected 
'transparent horn, 

" To save fl-om CngerH wet the lettHM fair." 

It is on the strength of tho Roman nnmernis that we venture to pro^ 
pose the horn- book as a candidate for tho houor of being tho first math- 
ematical primer used in this country. Dom-books were quile common 
in England aud in the English colonies in America down to the time of 
George II. They disappeared entirely in this country before the Revo- 
lution, lu early days the common remark expressive of ignorance was 
"ho does not know his hornbook," This is equivalent to the more 
modern saying, " he does not know his letters." 

* Rpmituw^eQSQB «f Female EdncatioD, in Barnard's Joiinial of EilDcaliiin, 1864, q. 
137. 
tBaruard'aJonrBUl of Education, Vo\. XiVW. 



12 TEACHING AND HISTORY OF MATHEMATICS. 

Georfje Fox, the founder of the Society of Friends, published in 1674, 
in England, a primer or spelling-book, which was republished at Phila- 
delphia in 1701, at Boston in 1743, and at Newport, R. I., in 17G9.* 
VVickersham describes this liltle book as containing the alphabet, les- 
sons in spelling and reading, explanations of scripture names, Roman 
nume ah, lessons in the fundamental rules of arithmetic and tceights and 
measures, a perpetual almanac, and catechism with the doctrine of the 
Friends. It may be imagined that a mere primer, covering such a wide 
range of subjects, could contain only a very few of the simi)lest rudi- 
ments of a subject like arithmetic. Fox's book was used little outside 
of the Society of Friends. 

Wickersham (p. 201) speaks of another book which is of interest as 
illustrating the book-making of those old times. It is entitled, " The 
American Instructor, or Young Man's Best Companion, containing Spell- 
ing, Heading, Writing, Arithmetic, in an Easier Way than any yet Pub* 
lishedy and how to Qualify any Person for Business without the Help 
of a Master." It was written by George Fisher, and printed in Phila- 
delphia, in 1748, by Franklin and Hall. This work never attained any 
popularity. 

Dr. Brockett says that in New Jersey and, perhaps, also in Virginia, 
a book resembling the " New England Primer," but as intensely Eoy- 
alist and High Church in religion as the New England Primer was 
Puritan and Independent, was in use in schools. It was called "A 
Guide for the Child and Youth, in two parts ; the First for Children, • 
• • the second for Youth : Teaching to write, cast accounts and read 
more perfectly 5 with several other varieties, both pleasant and profit- 
able. ByT. H., M. A., Teacher of a Private School, London, 1762.'' 
It does not appear that this book was reprinted here. 

Wickersham gives another book of similar stamp but of much later 
date. '^ Ludwig Hocker's Rechenbiichlein was published at Ephrata 
[Pennsylvania] in 1786. The Ephrata publication is an exceedingly 
curious compound of religious exercises and exercises in arithmetic. 
The creed, the Lord's Prayer, hymns, and texts of scripture, are strangely 
intermixed with problems and calculations in the simple^ parts of arith- 
metic."f 

One of the earliest purely arithmetical books used in this country was 
the arithmetic of James Hodder. It may possibly have fallen into the 
hands of as early a teacher as Ezekiel Cheever, " the father of Con- 
necticut school-masters, the pioneer and patriarch of elementary classi- 
cal culture in New England."! In a history of schools at Salem, Mass., 
we are told that " among our earliest arithmetics was James Hodder's." 

• History of Education in PennsylvanU, by James Pyle Wickersbam, p. 194. 

ilbid., p. 200. 

X After having been a faithfal Bcbool-m aster for seventy years, he died in 1708, at 
the age of ninety -four, having ''held his abilities in an unusaal degree to the very 
last" 
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COLONIAL TIMES. 

Hodder was a famons English tcacber of the seventeenth centnry. 
Later writers have borrowed largely Irom his arithmetic of which the 
first edition, entitled " Hodder'a Aritbuietick, or that necessary art 
made most easy," appeared in London in lG(i]. An American edition 
from the twenty-fifth English edition wns published in Boston in 1710. 
This is the first purely arithmetical book known to have been printed 
in this conntry. 

In Sew York the Dutch teachers of the seventeenth century im- 
ported from HoUaud an arithmetic called the "Coffer Konst," written 
by Pieter Venenia, a Dutch scliool-m aster, who died aboat 1GI2. So 
popular was the book that an English translation of it was published 
in New York in 1730. Venema's appeared to be the second oldest arith- 
metic printed in America. 

An Euglisb work almost as old as Hodder's, which met with a limited 
circnlatiou in this country, is Cockei-'s Arithmetic. The first edition 
appeared in England after the death of Cocker, iu 1677. According to 
its title page it was " perused and published by John Hawkins, « • ■ 
by the author's correct copy." De Morgan is perfectly satisfied that 
" Cocker's Arithmetic was a forgery of natckius's, with some assistance, 
it may be, from Cocker's papers." Regarding the book itself, De Mor- 
gan saya:^ " Cooker's Arithmetic was the first which en(ir«ly escluded 
all demonstration and reasoning, and confined itself to commercial 
questions only. This was the secret of its extensive circulation. There 
is no need of describing it; for so closely have nine out of ten of the 
Bubsequent school treatises been modelled upon it, that a large propor- 
tion of our readers would be able immediately to turn to any rule in 
Cocker, and to guess pretty nearly what tbey would find there. Every 
method since his time has been "according to Cocker." This book was 
found hero and there in ibe colonies at an early date. Thus we read 
in Benjamin Franklin's Autobiography that (at about the age of six- 
teen; t. «., about 1722) " having one day been put to the blush for my 
ignorance in the art of calculation which I had twice failed to learu 
while at school, I took Cockei-'s tre.Uise on arithmetic aud went througu 
it by myself with the otmost ease." Au American edition of the work 
appeared in Philadelphia in 1779. It contains the rude portrait of the 
author, " which might l<e taken for a caricature," and also the following 
poetical recommendation : 



Ingfliiious Coclicr, now to Eeat thou 'rt gone, 
No Art cau ehovr thee ftilly, bnt thine own; 
Tiiy rare Aritiutietiok ikloDO can show 
Th' Vttst Tliftoks wo for thy lahoura owe. 



I 

^K Wickershamt mentions Daniel Fenning's Der OeschwinSc Eecknart 
^f having been published by Sower in 1774. 
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"Article, "Cocker." Penny Cyclopiarlia. 

t History of Edacatjon in PeoDsylTaaia, p. SCO. 



14 TEACHING AND HISTORY OP MATHEMATICS. 

The first arithmetio written by an American author and printed here 
was that of Prof. Isaac Greenwood of Harvard College, in 1729. The 
book was probably used by the author in his classes at Harvard. We 
have nowhere seen it mentioned except in a biographical sketch of its 
author.* So far as we know, there are only three copies of Greenwood's 
Arithmetic in existence, two in the Harvard library and one in the Con. 
gressional Library. Prof. J. M. Greenwood, superintendent of schools 
in Kansas City, sends the writer the following description of it: 

The book is a small duodecimo volume of 158 pages, exclusive of an 
advertisement (4 pages) prefixed, and the table of contents (4 pages) 
put at the end. The following is a transcript of the title-page : "Arith- 
metick, Vulgar and Decimal: with the Application thereof to a variety 
of Cases in Trade and Commerce. (Vignette.) Boston : N. E., Printed 
by 8. Kneeland and T. Green, for T. Hancock at the Sign of the Bible 
and Three Crowns, in Ann Street, MDCCXXIX.'' 

The headings of chapters are as follows : The introduction ; chapter 
1, Numeration ; chapter 2, Addition ; chapter 3, Subtraction j chapter 
4, Multiplication j chapter 5, Division 5 chapter 6, Eeduction ; chapter 
7, Vulgar Fractions ; chapter 8, Decimal Fractions j chapter 9, Boots 
and Powers; chapter 10, Continued Proportion; chapter 11, Disjunct 
Proportion ; chapter 12, Practice; chapter 13, Rules relating to Trade 
and Commerce. 

From the preface : ** The Author's Design in the foDowing Treatise is to give a very 
concise Account of such Rules, as are of the easiest practice in all the Parts of Vulgar 
and Decimal Arithmetick and to illustrate each with such examples, as may he suf- 
ficient to lead the Learner to the full Use thereof in all other Instances/' 

'* The Header will ohserve that the Author has inserted under all thos^ Kules, where 
it was proper, Examples with Blanks for his Practice. This was a Principal End to 
the Undertaking ; that such persons as were desirous thereof might have a compre- 
hensive Collection of all the hest Hulcs in the Art of Numhering, with Examples 
wrought by themselves. And that nothing might be wanting to favour this Design, 
the Impression is made upon several of the best sorts of Paper. This method is en- 
tirely new, • • *." 

The paper used in the book is thick, the type large. Words and 
phrases to which the author desires to call special attention are printed 
in italic characters, and as more than half the book is, in the author's 
eyes, important, more than half the book is printed in italics. 

In 1788, when Nicholas Pike published his arithmetic. Greenwood's 
book was entirely uukuown, and Pike's was believed to be the first arith- 
metic written and printed in America. 

The first arithmetic which enjoyed general popularity and reached an 
extended circulation in the colonies was the School-master's Assistant, 
by Thomas Dilworth. The first edition of this was published in London 
in 1744 or '45. According to Wickersham, there appeared a reprint of 
this in Philadelphia in 1769. Other American editions were brought 
out at Hartford in 1786, New York in 1793 and 1806, Brooklyn in 1807, 

• Apple ton's Dictionary of American Biograt)hy. 
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New London 1707, aud Albany 1824, At tlie begiuning of the Revolii- 
tiou this was ibe moiit poxtnlar arithmetic, and it contiuned in use long 
atler 

Wo have now enumerated all the arithmetics which were used to our 
knowledge in the American colonies. It may be instroctive to give the 
last book which we have mentioned a closer examination j for Dil worth's 
School-mastei''s Assiatant waa the most noted arithmetic of its time. As 
an arithmetician Dilworlh belonged to the school fonnded by Cocker, 
which scrupnlously excluded all demonstration and reasoning. Tbo 
Bcboul' master's Assistant gives nil rules and deSuitions in tlie form of 
qnestions and answers. Let us torn to page 44 of the twenty-second 
London edition, 17S4, and examine bis mode of explaining proportioi 
or, as the subject waa then called, the " Knle of Three." 



or TUB SIXOLB RULB OP TOIUEB. 



proportioi^^^ 



Q. How TBftny Parts are tliere in the Rule of Three t 

A. Two: Single or Simple, aud Doable or ComiionQd. 

Q. By whatistUeeiLiglBRnloofThreekuowuI 

A. B? threa Torma, which are alnsja givoa in the Qnestioo, to Cod a foi 

Q. Aio any of the terms Kiven to be reduce<l from oua Pod onii nation to aaothntf 

A. If any of the giveu lerms be of several d^uoiuiuatiouB, tliey mnat be reduced into 

the lovest Denomination mentioned. 
Q. What do yoa obtierve concottiiog the first and third TermaT 
t A- They muat be ofthe eame Nameaud Kind. 
kjS- Wliat do yon obaervo coaooruiBg the fourth Teem I 
mat be of thu auine Name and Kind oa the second. 
>. What do yon obaocvo of the throu given Terms taken together t 
i, That tbe two Gtet are a Sappotitioa, Iho lost is a Uciniin^. 
r is the Uiird Term kuonu f 
A. It iskiiowu|by timgu, or tbe likr Words, IFM coilT IIojcmansT How muAt 
Q. How many Boris of PtoporLlon are tberet 
A. Two: Direciand Inverse, 

And flo onj We have quoted enough to give an idea of the book. 

is not easy to'see how a pupil begiuuing the subject of proportiou could 

^et clear notions from reading the »bovo. Nor can we see how a boy 

who had never before beard of fractious could get any idea whatever 

f a fraction from Dilworth'a deliniiiou, which is (p. Ill): A fi-action 

•"is a brolten numl>er and signilies the part or parts of a whole uum- 

Iber.** 

Aeloser examination of this nritlimetic discloses many oth<!r strange 
i. It consists really of three parts, more or let's complete in them- 
FMlves, namely: Part I, on whole uuiubers; Part II, on vulgar fractions; 
Part in, on decimal ft'actious. In Part I, the student is carried tbrough 
the elfinentary rules, and through interest, fellowship, exchange, double 
rule of three, alligation, single and double pOHition, geometrical pro- 
gression, and permutations. He is carried tbrough all these witboat 
having as yet even heard effractions. Tbe advauced and comparatively 
ODimporUuit subjects, such as alligation and progressions, are made 
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16 TEACHINa AND HISTORY OP MATHEMATICS. 

to precede so important and fandamental a sabject as fractions. Tbe 
teaching of decimal fractions after interest is illogical, to say the least. 
In Part II, after fractious have been explained, the rule of three is taken 
up a second time; and in Part III, under decimal fractions, it is re- 
sumed a third time. Thus this rule is explained three times ; the first 
time with whole numbers, the second time with common fractions, the 
third time with decimal fractions — thus leaving the impression that the 
rule is different in each one of the three cases. 

The whole book is nothing but a Pandora's box of disconnected rules. 
It appeals to memory exclusively and completely ignores the existence 
of reasoning powers in the mind of the learner. Noticeable is the fact 
that in the treatment of common fractions, the process of' cancellation,^ 
which may be made to shorten operations so much, is not even men- 
tioned. The book abounds in unnecessary and perplexing technical 
terms, such as "practice,'' '* conjoined proportion," '-alligation medial," 
^'alligation alternate," *' comparative arithmetic," ''biqu«idrato roots," 
"sursolids," "square cubes," " second sursolids," "biquadrates squared," 
"third sursolids," and "square cubes squared." Under the head of 
duodecimals are given rules like these: " Feet multiplied by feet give 
feet ; " " feet multiplied by inches give inches," etc. These rules, taken 
literally, are absurd. We can no more multiply feet by feet than we 
can multiply umbrellas by umbrellas. These rules are m opposition to 
the fundamental ide>as of multiplication in arithmetic. A concrete 
number can not be multiplied by a concrete number. It seems strange 
that so gross an error should not have been corrected in later editions 
of the book ; but still more strange is the fact that nearly all arithme- 
tics down to the present day should have persisted ii^ making this 
mistake. 

As an instance of the confusion of ideas to which it gives rise, I quote 
the following from an article "Early School Days " in Indiana, con- 
tributed by Barnabas G. Hobbs.* A law had just been nassed requir- 
ing that teachers' examinations should be conducted by three county 
examiners instead of the township trustees, as had been the practice 
before. "I shall not forget," says Hobbs, " my first experience under 
the new system. The only question asked me at my first examination 
was, 'What is the product of 25 cents by 25 cents t' ♦ • • We 
were not as exact then as people are now. We had only Pike's Arith- 
metic, which gave the sums and the rules. These were considered 
enough at that day. How could I tell the product of 25 cents by 25 
cents, when such a problem could not be found in the book ? The ex: 
aminer thought it was ^\ cents, but was not sure. I thought just as lie 
did, but this looked too small to both of us. We discussed its merits 
for an hour or more, when he decided that he was sure 1 was qualified 
to teach school, and a first-class certificate was given me." 



The ludiaua Schools, by James H. Smart, 1876. 
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We have Hpoken of Dilworth's School- manter's Assistant at some 
Bengtb, because from it we iiaa see what eort ol' aritlimetics we inberiteil 
■ from tlie English. All arithmt-tics of that tiiae were much alike. Th&^^_ 
(criticisms upon one will ther<^fure apply to all. ^^H 

Before proceeding to another subject we shall examine briefly t^^^H 
'^ Short Collection of Pleasant and L)ivertiTi;r Questions " in Dilwor^^^H 
We shall meet there with a company of familiar friends. Who b:iB u^^^H 
heard of [he farmer, who, having a fox, a goose, and a peck of cDra^^| 
nnd wisUiug to cross a river, but being able to carry but one at a tim^^^l 

B'as confounded as to how he shouUl carry them across ao that the fox 
Hould not devour the goose, nor the goose the corn? Who has not heard 
f the perplexing problem of how three jealous husbands with their 
wives may cross a river in a boat holding only two, so that none of the 
three wives shall be found in company of one or two men, unless her hus- 
band be present 1 Many of us, no doubt, have also been asked to place 
the nine digits in a quadrangular form in such a way that any three fig- 
ures inalinemay make jnst 151 When these pleasing problems were 
first proposed to us, they came like the morning breeze, with exhilarat- 
ing freshness. We little snRpectetl that these apparently new-born 
creatures of fancy were in reality of oonsidenible antiquity ; that they 
were found in an arithmetic used in this country one hundred years ago. 
Still greater is our surprise when we leani that at the time they were 
published in Dilworth's School-master's Assistant some of these ques- 
tions for amusement had already seen as many as one thousand birth- 
days. The oldest record bearing upon this i^ubject is found in a mauu- 
,script entitled Propositiones ad aciicndon jueenes. The authorship of 
this paper has been generally attributed to Alcnio, whose years of great- 
eat activity were spent in France, in the cuurtof the great Charlemagne, 
and who was one of the most learned scholars and celebrated teitchors 
of the eighth century. The M3. attributed to him contains the [mzzle 
about the wolf, goat, and cabbage, wbich in the modern version ia knowu 
as the "fox, goose, and peck of corn" puzzle. 

In a MS. coming from the thirteenth century, two learned German 
youths, named Firri and Tyrri, are made to propose to each other prob- 
lems and puzzles. Firri takes amoDg others the hard nut of Alcniu 
about the wolf, goat, and cabbage head, and lays it before Tyrri iu the 
modified and improved version of the three wives and the t)uee jealous 
husbands. This same document contains also the following: "Firri 
says : There were three brothers iu Cologne, having nine vessels of wine. 
The first vessel contained 1 quart (aitiam), the second 2, the third 3, the 
f.mrtb4, the fifth 5, thesixth G, the seventh 7, the eighths, the ninth 9. 
Divide the wine equally among the three brothers, without mixing the 
contents of the vessels." 

This problem admits of more than one solution, and is closely relatM 

to the last problem we quoted from Dilworth's collection. It is of spe- 
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cial interest, since it gives rise to the following magic sqaare, in which 
any three figures in a straight line have 15 for their sunu 
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' The history of magic squares is a rich field for investigation. The 
Germans were by no means the originators of them. This honor must 
be given to the Brahmins in India. Later on the study of these curi- 
oua problems was zealously pursued by the Arabs^ who transmitted the 
fruits of their study to the Europeans. 

Had we the time, we would attempt to trace the history of some 
other familiar puzzles. But enough has been said to show that many 
of them possess great antiquity. Nevertheless, when they were first 
proposed to us, they betrayed no signs of old age. May they continue 
perpetually in their youth, and may they delight the minds of men 
for numberless centuries to come ! 

Colleges, 
harvard college. 

As early as 1636 the people of Massachusetts stamped their approval 
upon the cause of higher education by the founding of Harvard College. 
The nature of the early instruction given at this oldest of American 
colleges is of special Interest to us. The earliest record bearing on the 
history of the rise of mathematical studies at Harvard is a tract en- 
titled, ^^K'ew England's First Fruits.'^ It was originally published in 
1643, or five years after the college had opened, and contained the cur- 
riculum of studies then pursued. Whoever expects to find in it an ex- 
tended course of mathematical studies resembling that in our colleges 
of to-day will be much disappointed. 

In the first place, a student applying for admission to Harvard iu 
1643 was not confronted and embarrassed by any entrance examinations 
in mathematics. The main requirement for admission was Latin. Con- 
trary to the practice of today, Latin was then taught as a spoken lan- 
guage. *' So much Latin as was sufficient to understand Tully, or any 
like classical author, and to make and speak true Latin in prose or verse, 
and so much Greek as was included in declining perfectly the para- 
digms of the Greek nouns and verbs," vvere the necessary requisites for 
admission ; but in mathematics applicants were required to know not 
even the multiplication table. 

When we come to examine the college course, which extended origi- 
nally through only three years, we meet with other surprises. Boys did 
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not peoeive ihat thorougli " grimliiig" iu tlio elements cliiring tlie first 
yeai'j* ot college tluit tliey do now ; on the contrary, iio mHtlieiiiiitics at - 
ail was fausht except during the last .veiir. TUe matlieiuaticiil cimrse 
bpgnii in tUo Senior year, and consisted of aritbnietic and peonielry 
during the first three-quarters of tbe year, and astronomy dnrtijrr die 
last quarter. Algebra was then an unknown science iu the New World. 
It is interesting to notice that, in this original cnrricnlnm, the atten- 
tion of each class was concentrated for a whole day upon only one or 
two subjects. Thu.'i, Mondays and Tueadays were devot<?d by the third 
year students exclusively to maibematies or astronomy, Wednesdays to 
Greek, Thursdays to "Eastern tongues," and so on. The importance 
attached to mathematical studies, as compared with other bratiehes of 
discipline, may be inferred from the fact that t«n hours per week were 
devoted to philosophy, seven to Greek, six to Bhetoric, four to Oriental 
languages, but only two to mathematics. According to these figures, 
Oriental languages were considered twice as important as mathematics. 
But we must remember that this course was laid out for students who 
were supposed to choose the clerical profession. For that reason, phil- 
osophical, liugnistid, and theological studies were allowed to monopolize 
nearly the whole time, while mathematics was excluded almost en> 
tlrcly. 

In what precedes we have measured the college work done in 1643 
by the standards of 18S9. Lot us now compare it with the contempo- 
raneous work in English universities. We may here premise that in the 
middle of the seventeeuth century rapid progress was made in the 
mathematical sciences. In 1043, Galileo had just passed away; Cav- 
alieri, Torricelli, Pascal, Fermat, Koberval, and Descartes were at the 
zenith of their scientific activity; John Wallis was a young mau of 
twenty-seven, Isaac Barrow a youth of thirteen, while Isaac Jfewton 
was an infant feeding trom his mother's breast- Though mnch original 
work was being done, especially by French and Italian mathematicians, 
the enthnsiasm for mathematical stndy had hardly reached the univer- 
sities. Some idea of the state of mathematics at Cambridge, England, 
previous to the appearance of Newton, may be gathered from a dis- 
course by Isaac Barrow, delivered in Latin, ^irobably in 1654, "or 
eighteen years after the fonudiug of Harvard College. In it occurs the 

t following passage: "The once horrid names of Enclid, Archimedes, 
Ptolemy, and Diophantus, many of us no longer bear with trembling 
ters. Why should I mention the fact that by the aid of arithmetic, we 
bave now learned, with easy and iustantaneoua work, to compute ao- 
ourateiy the number of the very sands (themselves). ■ • • And in- 
deed that horrible monster that men call algebra many of us brave men 
(tJiat we are) have overcome, put to fiight, and (fairly) triumphed over; 
(while) very many (of na) have dared, with stTuight-along glance, to 
look intfl optica; aud others (still), with intellectual rnys unbroken, 

Ibave dared to pierce (their way) iut^o the still subtler and highly useful 
iiootriue of dioptrics," 
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From this it woald seem that mathematical studies had been intro- 
daced into old Cambridge only a short time before Barrow delivered 
his speech. It thus appears that about 1636, when new Cambridge was 
founded in the wilds of the west, old Cambridge was not mathematical 
at all. In further support of this view we quote from the Penny Oy- 
clopsedia, article " Wallis," the following statement: "There were no 
mathematical studies at that time [when Wallis entered Emmanuel 
College in 1632] at Cambridge, and none to give even so much as advice 
what books to read. The best mathematicians were in London, and the 
science was esteemed no better than mechanical. This account is con. 
firmed by his [Wallis's] contemporary, Horrocks, who was also at Em- 
manuel and whose works Wallis afterwards edited." In a biography of 
Seth Ward, an English divine and astronomer, we meet with similar 
testimony.* He entered Sidney Sussex College, Cambridge, in 1632. 
^< In the college library he found, by chance, some books that treated 
of the mathematics, and they being wholly new to him, he inquired all 
the college over for a guide to instruct him that way, but all his search 
was in vain ; these books were Greek, I mean unintelligible, to all the 
fellows in the college." 

If so little was done at old Cambridge, then we need not wonder at 
the fact that new Cambridge failed to be mathematical from the start. 
The fountain could not rise higher than its source. It was not until the 
latter half of the seventeenth century that mathematical studies at 
old Cambridge rose into prominence. Impelled by the genius of Sir 
Isaac Kewton, old Cambridge advanced with such rapid strides that 
the youthful college in the west became almost invisible in the distant 
rear. 

The mathematical course at Harvard remained apparently the same 
till the beginning of the eighteenth century. Arithmetic and a little 
geometry and astronomy constituted the sum total of the college in- 
struction in the exact sciences. Applicants for the master's degree 
had only to go over the same ground more thoroughly. Says Cotton 
Mather: "Every scholar that giveth up in writing a system or synop- 
sis or sum of logic, natural and moral philosophy, arithmetic, geometry, 
and astronomy, and is ready to defend his theses or positions, withal 
skilled in the originals, as above said, and of godly life ♦ ♦ • is fit 
to be dignified with the second degree." t 

These few unsatisfactory data are the only fragments of information 
that we could find on the mathematical course at Harvard during the 
seventeenth century. The following note on the nature of the instruc- 
tion given in physics is not without interest: Mr. Abraham Picrson, 
jr. (first rector of Yale College), graduated at Harvard in 16G8. The 
college (Yale) possesses several of his MSS., "containing notes made by 



• Life of Right Reverend Seth, Lord Bishop of Salisbary, by Walter Pope. Lou- 
don, 1G97, p. 9. 
t Magnalia, Book IV, 128th ed., 1702. 
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him during bis stodent life at Harvard on logic, theology, and physics, 
and ao throwing light on the probable corupasa of the manuscript lext- 
booli on physics compiled by liim, which was handed down from one 
college generation to anotlier for some twenty-ttvo yeiirs, nutil snper- 
BCilod by Clarke's Latin translation of Rohaull's Traiti de Physique. 
The Harvard notes on physics seem (from an inscription attached) to 
to have been derived in like manner from the teachings of the ICev, 
Jonathan Mitchel (Harvard College, 1G17); they are rathennetaphyai- 
cal than mathematical in form, and it is even difficult to determine 
what theoriet) of physical astronomy the writer hold. Suffice it to say 
that he ranged himself somewhere in the wide interval between the 
Ptolemaic theory (generally abandoned one hundred years earlier) and 
the Newtonian theory (hardly known to anyone in this part of the world 
until the eighteenth century). lu other words, while recognizing that 
the earth is round, and that there is such a force as gravity, there ia no 
proof that he had got beyond Copernicus to Kepler and Galileo." " 

In this extract our attention is also called to the common praotioe 
among successive generations of students at that time of copying maun- 
■oript text books. As another instance of this we mention the manii- 
'Bcript works, a System of Logic ami a Compendium Physical, by Rev. 
Charles Morton, which (about IG9'2) were received as text-books 
Sarvard, " the students being required to copy them."t 

We shall frequently have occasion to observe that astronomical pi 
••ait's have always been followed with zeal and held in high eatimatii 
1>y the American people. As early as IGoL a Xew England writer, in 
" first fruits of the college," speaks of the " godly Mr. Sam 
Dauforth, who hath not only studied divinity, but also astronomy ; he 
pnt forth many tilmauacs," and "was one of the fellows of the coUeee." 
Another fellow of Harvard was John Sherman. He was a popular 
preacher, an " eminent mathematician," and delivered lectures at the 
'college for many years. lie published several almanacs, to which he 
'appended pious reUections. The ability of making almanacs was then 
>f)Onsidered proof of profound erudition. A somewhat stronger evidence 
<>f the interest taken in astronomy was the publication at Cambridge 
,0f a set of astronomical calculations by Uriah Oakes. Oakes, jit that 
'time a young man, had graduated at Harvard in 10i9, and in lOSO bo- 
Bnme president pro tem. and afterwards president of Harvard College. 
'ta allusion to his size, he attached to his calculations the motto, 
"Parvum parva ileeent, scd incat sua gratia partis." (Small things befit 
the small, yet have a charm their own.) 

Tlie preceding is an account of the mathematical and physical studies 

at Harvard during the seventeeuth century. We now proceed to the 

1 eighteenth century. It appears that in 1700 algebra bad not yet be- 

* Vile BiograpliieB and Aaaala, 170I-1T45, bj- Fraaklin Bowditcb Doxt«r, p. 61. 
t Qaincy's Hutorf of Harvard Uoiveralt^, Vol. 1, p. 70. 
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coine a college stady. The Autobiography of Rev, John Barnard * 
throws some liglit on this subject. Barnard took his first degree at 
Harvard in 1700, then returned to his father's house, where he betook 
himself to studying. '< While I continued at my father's I prosecuted 
my studies and looked something into the mathematics, though I gained 
but little, our advantages therefor being noways equal to what they 
have who now have the great Sir Isaac Newton and Dr. Halley aud 
some other mathematicians for their guides. About this time I made 
a visit to the college, as I generally did once or twice a year, where I 
remember the conversation turning upon the mathematics, one of the 
company, who was a considerable proficient in them, observing my ig- 
norance, said to me he would give me a question, which if I answered 
in a month's close application he should account me an apt scholar. 
He gave me the question. I, who was ashamed of the reproach cast 
upon me, set myself hard to work, and in a fortnight's time returned 
him a solution of the question, both by trigonometry and geometry, 
with a canon by which to resolve all questions of the like nature. 
When I showed it to him he was surprised, said it was right, and 
owned he knew no other way of'resolving it but by algebra, which I 
was an utter stranger to." Though a graduate of Harvard, he was an 
utter stranger to algebra. From this we may safely conclude that in 
1700 algebra was not yet a part of the college curriculum. 

What, then, constituted the mathematical instruction at that time f 
Was it any different from the course given in 1643 1 Until about IG5o, 
the entire college course extended through only three years ^ at this 
time it was lengthened to four years. We might have supposed that 
the mathematics formerly taught in the third year would have been 
retained as a study for the third or Junior year, but this was not the 
case. In the four-years' course, mathematics was taught during the 
last, or Senior year. Quincy, in his history of Harvard University (Vol. 
I, p. 441), quotes from Wad worth's Diary the list of studies for the year 
1726. The Freshmen recited in TuUy, Virgil, Greek testament, rheto- 
ric, Greek catechism; til^e Sophomores In. logic, natural philosophy, 
classic authors, Heerebord's Meletemata, Wollebins's Divinity; the 
" Junior sophisters" in Heerebord's Meletemata, physics, ethics, geogra- 
phy, metaphysics; while the "Senior sophisters, besides arithmetic, 
recite Alsted's Geometry, Gassendi's Astronomy in the morning; go 
over the arts towards the latter end of the year, Ames's Medulla on 
Saturdays, and dispute once a week.'^ This quotation establishes the 
fact that ninety years after the founding of Harvard, the mathematical 
course was essentially the same as at the beginning. Arithmetic, 
geometry, and astronomy still constituted the entire course. Mathe- 
matics continued to be considered the crowning pinnacle instead of a 
corner-stone of college education ; natural philosophy and physics were 

* CoUectioDs of the Mass. Hist. Soo., Third Series, Vol. V, pp. 177-243. 
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still taaght before arithmetic and geometry. Bat we must observe that, 
in 172G, printed treatises were used as text- books in geometry and astron- 
omy. We are not informed at what time these printed books were in- 
troduced. They may have been used as text-books much earlier than 
the above date. The authors of these books were in their day scholars 
of wide reputation. Johann Heinrich Alsted (1558-1638), the author of 
the Geometry, was a German Protestant divine, a professor of philoso* 
phy and divinity at Ilerborn in Nassau, and afterwards iu Garlsburgia 
l^ransylvania. In . one of his books he maintained that the miliemom 
was to come in 1094. 

Pierre Gassendi (1592-1655), whose little astronomy of onehundred and 
fifty pages was used as a class-book at Harvard, was a contemporary of 
Descartes and one of the most distinguished naturalists, mathematicians, 
and philosophers of France. He was for a time professor of mathe- 
matics at the College Boyal of Paris. What seems very strange to us 
is that nearly a century after the first publication of these books they 
should have been still in use and apparently looked upon as the best of 
their kind. Forty years after the publication of NewtQu's Principia 
an astronomy was being studied at Harvard whose author died before 
the name of Newton had become known to science. The wide chasm 
between the theories of Newton and those of Gassendi is brought to full 
view by the following quotation from WhewelPs History of the Induc- 
tive Sciences (Third edition. Vol. I, p. 392) : " Gassendi's own views of 
the causes of the motions of the heavenly bodies are not very clear. 
• • • In a chapter headed 'Quae sit motrix siderum causa,' he 
reviews several opinions; but the one which he seems to adopt is that 
which ascribes the motion of the celestial globes to certain fibers, 
of which the action is similar to that of the muscles of animals. It 
does not appear therefore that he had distinctly apprehended, either 
the continuation of the movements of the planets by the first law of 
motion, or their deflection by the second law." 

The year 1726 is memorable in the annals of Harvard for the estab- 
lishing of the Hollis professorship of mathematics. Thomas Hollis, 
a kind-hearted friend of the college, transmitted to the treasurer of the 
college the then munificent sum of twelve hundred pounds sterling, 
and directed that the funds should be applied to '< the instituting and 
settling a professor of mathematics and experimental philosophy in 
Harvard College." To the same benefactor Harvard was indebted 
for the establishment of the professorship of divinity. Down to the 
commencement of the nineteenth century only one additional professor 
was appointed in the undergraduate department, namely, the Hancock 
professor of Hebrew, in 1765. Hence, it follows that almost all regular 
instruction was given by tutors. Previous to the establishment of the 
Hollis professorship the mathematical instruction was entirely in the 
hands of tutors. Since almost any minister was considered competent 
to teach mathematics^ and since tutors held their place sometimes for 
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only one year, we may imagine that the teaohing was not of a very high 
order. 

The first appointment to the Hollis professorship of mathematics and 
natural philosophy was that of Isaac Greenwood. He was the first to 
occapy a collegiate chair of mathematics in New England, bat not the 
first in America, as is sometimes stated. This honor belongs to a pro- 
fessor at William and Mary College. Greenwood graduated at Harvard 
in 1721, then engaged in the study of divinity, visited England, and be- 
gan to preach in London with some approbation.*. He also attended 
lectures delivered in that metropolis on experimental philosophy and 
mathematics. In 1727 he entered upon his duties at Harvard. *' In 
scientific attainments Greenwood seems to have been well qualified for 
his professorship." He made astronomical contribntions to the Philo- 
sophical Transactions of 1728, and published in 1729 an arithmetic. 
That seems to have been the earliest arithmetic from the pen of an 
American author. This is all we know of Greenwood as a mathema- 
tician and teacher. Unfortunately he did not prove himself worthy of 
his place. We regi'et to say that the earliest professor of mathematics 
in the oldest American college was " guilty of many acts of gross in- 
temperance, to the dishonor of God and the great hurt and reproach of 
the society.'' His intemperance brought about his removal from his 
chair in 1738. 

On the dismissal of Greenwood, Nathaniel Prince, who had been tutor 
for thirteen years, aspired to the professorship. He was, says Elliot, 
superior '< to any man in New Engfland in mathematics and natural 
philosophy." But his habits being notoriously irregular, John Win- 
throp of Boston, was appointed in his stead. Winthrop graduated at 
Harvard in 1732, and was only twenty-six years old when he was chosen 
professor of mathematics and natural philosophy. He filled this chair 
for over forty years (until 1779) with marked ability. In mathematical 
science he came to be regarded by many the first in America. 

If we could turn the wheel of time backward through one hundred 
and twenty revolutions, and then enter the lecture-room of Professor 
Winthrop and listen to his instruction, what a chapter in the hir;- 
tory of mathematical teaching would be uncovered ! But as it is, this 
history is hidden from us. We know only that during the early part 
of his career as professor, " and probably many years before," the text- 
books were the following : Ward's Mathematics, Gravesande's Philos- 
ophy, and Euclid's Geometry; besides this, lectures were delivered by 
the professors of divinity and mathematics.! 

Prom this we see that some time between the years 1726 and 1738, 
Ward's Mathematics had been introduced, and Alsted's old Geometry 
had given place to the still older but ever standard work of Euclid. 
This is the first mention of Euclid as a text-book at Harvard. The in- 

" Qaincy's History of Harvard Universityy Vol. 11, p. 14. 
t Peiroe's History of Harvard, p. 237. 
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toMluction of GravesftDtle's Philoaopby ia another indication of progresB. 
GravesttiiiJe wsis Tnr a time profaaaor of matbematica aud astronomy at 
tlie Uuivereity of Leyden. He was the ftrat wbo on tlie continent of 
Europe publicly taught tlie philosophy of Newton, and he tlina oon- 
triltntml to bring about a revolution in the physical sciences. Hy the 
adoption of bis phiioaopby as a text-book at Harvard we see that the 
teacbiugs of Newton had at last secured a firm footing there. Ward's 
Matbematica continued for a long time to be a favorite text-book.* 

It is probable that wjtb the iotroduction of Wanl'a Mathematics, alge- 
bra began to be studied at Harvard. The second part of the Young 
Mathematician's Guide consists of a rndimentary treatise on this subject. 
It is possible, then, that the teacbing of algebra at Cambridge may have 
begun some time Itetween 1726 and 1738. Eat I bave fonnd no direct 
evidence to show tbat algebra actually wa« in the college curriculum 
previous to 1780, 

Since Wanl'a Mathematies were used, to our knowledge,, not only at 
Harvard, but also at Yale, Brown, and Dartmoutb, and as a book of 
reference at the University of Pennsylvania, a description of the Yonng 
Mathematician's Guide may not be out of place.t 

The lirst part treats of arithmetic (143 pages). Thougb very deficient 
according to modern notions, the preaentation of this subject is superior 
to that in Dilworth's Scbool-master's Assistant. It ia leas obscure. 

* Acco riling to os-Proniiluut D. Woolaoy, tbe aathor of this Look wji» the Ward 
wbo liiul been "[ireaideut of Triulty College, Cambridge, aad bisUop of Exeter." 
(Yiilo CollBgc ; ASkMchof itaHLstory, WilliftmL. Kingsloy, Vol. II, p. 499.) Now, 
the onl; iadividaal ansneriog to thU description la Seth Ward, the astronomer, 
whose time of activity preccled the epoch of Newton. Wo shall flliow that the book 
iQ qiiuitiou was Dot writtea by Setb Ward, bull by JoliD Ward, who Bonrished half 
aceotury later than Setli Ward and wbo»e Yonng Mathematician's Goide was forn 
long time a popular clODicntarj text-book in Eugtsnd. Wherever we havo soeu 
Ward's book mentioned in the carricola of American colleges it waa alwara called 
"Ward's Mathematics." The baptismal name of the author was naver given. This 
ahowa that there wm only one Ward (either gelh or John) whoae matLcmatical hooks 
werekDownondaaediD onr collages. Now, BooJamiQ West, professor of matheniBtias 
in Brown University f^ooi 1TS6 to 1799, poblished in the fintvolameof the American 
Acndomj of Arts and Scioncea a paper "On the cxtraoliou of roots," in which he 
offers improvements on "Ward's" method. Now, Iliavoseen.a copy of Both Ward's 
Astronomia Oeometrica, bat have fonnd nolliiog in it on root extraction. One would 
hardly eipeot to find anything on It in Seth's "Trigonometry" or "Proportion." 
John Wan], ou tlio other hand, treats of roota in his "Onide," and givM a "general 
IDethod of oxtractiug roots of all single powers." Weet takes two examples (two 
numtiera, one of 14, the other of IS digits) frnoi "Ward," and shows how the ceqaired 
roots can be extracted by his method. Diit both these examples are given in John 
Ward's Yonng Mathematician's Gnide. This evidence in favor of John Ward's book 
maybe eonaidorod couclnsive. Fnrther information on "Ward's Matbeuiatlos" will 
bo fonnd in an actiale by the writer in the Papera of the Colorado College Soientifio 
Society, Vol. I. 

tThe copy which the writer has before him (Twelfth edition, London, 1771), was 
kindly lenl him by Dr. Artomas Martin, of the U. 8. Coast Survey, who has for yi 
been making a eoUectiou of old and rare books on malheinatica. 
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Like all books of that time, it coutains rales, but no reasoning. What 
seems strange to us is the fact that subjects of no value to the begin- 
ner, such as arithmetical and geometrical proportion (i. e., progression), 
alligation, square root, cube root, biquadrate root, sursolid root, etc., 
are given almost as much space and attention as common and decimal 
fractions. 

The second part (140 pages) is devoted to algebra. Ward had pab- 
lished a small book on algebra in 1698, but that, he says, was only " a 
compendium of that which is here fully handled at large." Like Har- 
riot, he speaks of his algebra as ^^Arithmetick in species." This name 
is appropriate, inasmuch as he does not (at least at the beginning) rec- 
ognize the existence of negative quantities, but speaks of the mintis sign 
always as meaning only subtraction, as in arithmetic. A little farther 
on, however, he brings in, by stealth, "affirmative" and " negative" 
quantities. The knowledge of algebra to bo gotten from this book is 
exceedingly meagre. Factoring is not touched upon. The rule of signs 
in multiplication is proved, but further on all rules are given without 
proof. The author develops a rule showing how binomials can be 
raised "to what height you i)lease without the trouble of continued in- 
volution." He then says : " 1 proposed this method of raising powers 
in my Compendium of Algebra, p. 57, as wholly new (viz, as much of it 
as was then useful), having then (I profess) neither seen the way of 
doing it, nor so much as heard of its being done. But since the writing 
of that tract, I find in Doctor Wallis's History of Algebra, pp. 319 and 
331, that the learned Sir Isaac Newton had discovered it long before.^ 
The subject of " interest " is taught in the book algebraically, by the nse 
of equations. 

Part in (78 pages) treats of geometry. In point of precision and 
scientific rigor, this is quite inferior. After the definitions follow 
twenty problems, intended for the excellent purpose of exercising the 
" young practitioner," and bringing "his hand to the right manage- 
ment of a ruler and compass, wherein I would advise him to be very 
ready and exact." Then follows a collection of twenty-four " most use- 
ful theorems in plane geometry demonstrated.^ This part is semi-em- 
pirical and semi-demonstrative. A few theorems are assumed and the 
rest proved by means of these. The theorem, " If a right line cut two 
parallel lines, it will make the opposite (t. e., alternate interior) angles 
equal to each other," is proved by aid of the theorem, that " If two 
lines intersect each other, the opposite angles will bo equal." The proof 
is based on the idea that " parallel lines are, as it were, bat one broad 
line," and that by moving one parallel toward the other, the figure for 
the former theorem reduces to that of the latter. The next chapter 
contains the algebraical solution of twenty geometrical problems. 

Part IV", on conic sections (36 pages), gives a semi-empirical treat- 
ment of the subject. Starting with the definition of a cone, it shows 
how the three sections are obtained from it, and then gives some of 
their principal properties. 
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Part V (36 papjes) is on the arithmetic of infinites. Judging from 
this part of the book, its author knew nothing of lluxions. The first 
editiou appeared in 1707, after Newton had published the first edition 
of his Priiicipia, in 1687, but his Method of Fluxions was not published 
till 1736, though written in 1671. Ward employs the method of inte- 
gration by series of Oavalieri, Roberval, and John Wallis, and, thereby, 
fiuds the superficial and solid contents of solid figures. It does not ap- 
pear that this part of the book was ever studied in American colleges. 

Ward's book met with favor in England. In the preface to the 
twelfth edition he says: "I believe I may truly say (without vanity) 
this treatise hath proved a very helpful guide to near five thousand per- 
sons, • • • and not only so, but it hath been very well received 
amongst the learned, and (I have been often told) so well approved 
on at the universities, in England, Scotland, and Ireland, that it is 
ordered to be publicly read to their pupils.'^ 

In former times all professors of mathematics in American colleges 
gave instruction, not merely in pure mathematics, but also in natural 
philosophy and astronomy ; and it appears that as a general rule these 
professors took more real interest and made more frequent attempts at 
original research in the fields of astronomy and natural philosophy than 
in pure mathematics. The main reason for this lies probably in the 
fact that the study of pure mathematics met with no appreciation and 
encouragement. Original work in abstract mathematics would have 
been looked upon as useless speculations of idle dreamers. The scien- 
tific activity of John Winthrop was directed principally to astronomy. 
His reputation abroad as a scientist was due to his work in that line. 
In 1740 he made observations on the transit of Mercury, which were 
printed in the Transactions of the Royal Society. In 1761 there was a 
transit of Venus over the sun's disk, and as Newfoundland was the most 
western part of the earth where the end of the transit could be ob- 
served, the "province'' sloop was fitted outa^ the public expense to con- 
vey Winthrop and party to the place of observation.* He took with 
him two pupils who had made progress in mathematical studies. One 
of these, Samuel Williams, became later his successor at Harvard. In 
1769 Winthrop had another chance for observing the transit of Yenus, 
at Cambridge. "As it was the last opportunity that generation could 
be favored with, he was desirous to arrest the attention of the peo- 
ple. He read two lectures upon the subject in the college chapel, 
which t*he students requested him to publish. The professor put this 
motto upon the title page: Agite, mortales! et oculos in spectaculum ver- 
tite^ quod hueusque spectaverunt perpaudssimi ; spectaturi iterum sunt 
nullL^ (Come, mortals I and turn your eyes upon a sight which, to this 
day, but few have seen, and which not one of us will ever see again.) 
The transit of 1769 was also observed in Philadelphia by David Rit- 
tenhouse, and in Providence by Benjamin West. These observations 

* '* John Winthrop/' in the Biographioal Dictionary by John Eliot^ 1809. 
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were an important aid in determining the snn's parallax. Most grati- 
fying to us is the interest in astronomical pursuits manifested in those 
early times. Expeditions fitted out at public expense, and private mu- 
nificence in the purchase of suitable instruments, bear honorable testi- 
mony to the enlightened zeal which animated the friends of science. 

In 1767 John Wiuthrop wrote his Cogiia de Comeiia^ which he dedi- 
cated to the Boyal Society, of which he had been elected a member. 
This was reprinted in London the next year, and gave him an extensive 
literary reputation. 

In 17G4 a calamity befell Harvard Gollege. The library and philo- 
sophical apparatus — the collections of over a century — were destroyed 
by fire. Among the books recorded as having been lost are the follow- 
ing : " The Transactions of the Royal Society, Academy of Sciences in 
France, Acta Eruditorum, Miscellanea Curiosa, the works of Boyle 
and Kewton, with a great variety of other mathematical and philo- 
sophical treatises."* It is seen from this that, before the fire, books of 
reference in higher mathematics had not been entirely wanting. 

John Wiuthrop died in 1779, and the robe of the departing prophet 
fell upon his former disciple, the Bev. Samuel Williams. Williams filled 
the mathematical chair for eight years. Having inherited from his mas- 
ter a love of astronomy, he frequently published observations and no- 
tices of extraordinary natural phenomena in the memoirs of the Ameri- 
can Academy of Arts and Sciences. He occupied the mathematical chair 
at Harvard until 1788. Then he lectured at the University of Vermont 
on astronomy and natural philosophy for two years, and was subse- 
quently minister at Butland and Burlington, Vermont. 

TALE OOLLEQE. 

Yale, the second oldest I^cw England college, was founded in 1701, 
or sixty-three years after the opening of Harvard. During the first 
fifteen years it maintained a sortof nomadic existence. Previous to 181G 
instruction seems to have been given partly at Saybrook and partly at 
Killingworth and Milford. Its course of instruction was then very 
limited. The mathematical teaching during the first years of its exist- 
ence was even more scanty than in the early years at Harvard. Benja- 
min Lord, a Yale graduate of 1714, wrote in 1779 as follows in reply to 
inquiries by President Stiles: "As for mathematics, we recited and 
studied but little more than the rudiments of it, some of the plainest 
things in it. Our advantages in that way were too low for any to rise 
high in any branch of literature.'^ t Doctor Johnson, of the same class, 
says : " Common Arithmetick and a little surveying were the ne plus 
ultra of mathematical acquirements." It appears from this that «ur- 
veying was taken at Yale, instead of the geometry which formed part 

• Vide Qnincy's History of Harvard University, Vol. II, p. 481. 
t Yale Biographies and Axmals, 1701-45, by Fiauklin Bowditoh Dexter, pp. llfi 
andUG. 
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of the coarse at Harvard. In a new and oaly partially settled couutry 
some knowledge of surveying was a greatdesUloratnni. But the study 
of surveying without a preliiiiiuary course in geometry and trigouometry 
is truly charauteriatic of tbe purely practical tendencies of tlii; iimi-a. 
Men took eager interest in tbe applications of gcience, but cared iiotlitng 
for science itself. The little mathematics studied was evidently not 
pursued for its own sake, nor for the mental discipline which it afforded, 
but simply for the pecuniary profit which it would afterwards bring. 

As at Harvard, so at Yal&, the mathematics were studied, at that 
time, during the last year of the college course and after the study of 
physics had been completed.* During the next six or seven years, the 
course at Ya!e was extended somewhat. In 1720 it was identical with . 
the Harvard course of 172ti. lu 1719, when Jonathan Edwards was a 
member of the Junior class at New Haven, he wrote as follows to his 
father: " I have enquired of Mr. Cnttor, what books we shall hare need 
of the next year. He answered he would have me get against that time, 
Alsteda' Geometry and Oosseudi's Astronomy." t 

At this time progress was also made in the teaching of physics. The 
earliest guide in this study were the manuscript lectures by Iteetor 
Fiersou, which were a repetition of lectures he had heard while a 
student at Harvard College. They were metaphysical rather than 
mathematical, "recogiiiziugtheCopernican theory, Imt knowing nothing 
of Kepler and Galileo, and much legs of Newtou."| 

During the first seventeen years at Yale the doctrines of the echool- 
toen in logic, metaphysics, and ethics still held sway. Descartes, 
Boyle, Xiocke, Bacon, and Newton were regarded as innovators from 
whom DO good could be expi^cted. It is pleasing to think that the in. 
troduction of Kewtoniau ideas and the rise of mathematical studies at 
Yale was partly due to an act of charity by the great Sir Isaac Newton 
himself. In the year 1715 a collectiou of books made in England by 
Mr. Drummer, the agent of the colony, amounting to about eight 
hundred volumes, was sent over to the college. Tbe coUecttoa con- 
sisted of donations by wol]-8|iirited gentlemen in Britain. "Sir Isaac 
Newton gives the second edition of his Principia (which appeared in 
1713)"; "Doctor Halley sends his edition of Apollouius."§ But these 
and many other donations would have been barren of results had there 
not been young men of talent and energy to master the contents of 
these precious volumes. Such a man was Samuel Johnson. He gradu- 
ated in 1714 and was appointed tutor a few years later. Drummer's 
collection furnished him with a " feast of fat things." To use his own 
words: "He seemed to himself like » person suddenly emerging out of 
the glimmer of twilight into the full sunshine of open day." He and 

a * Yate College ; a BketcU of its liistor;, U'LUiam L. Kingalej, Vol. U, p. 49(i, ^H 

k tEdtranls-WorkB, Vol. I, p. 30. ^^M 

^m t Ei-PreulduDt D. Woolacf, id YaIo Book, Vol. II, p. 499. ^^M 

^^ (Yale BiographiM uid AuaatB, 17U1-45, b; I'raDkliii Bowditch Dexter, p. 141. .^^H 
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Mr. Brown, anotber young tutor, exerted themselves to the utmost for 
the improvement of the students under their charge. Imbued with the 
grand ideas of Newton, they extended the mathematical course for the 
understanding of the Newtonian system, and then taught this system 
in place of the older. There was at that time much contention as to 
the place where the college should be permanently located. This was 
a fortunate circumstance for the young tutors, since these troubles 
without withdrew public attention from the innovations within,* In 
1722 Johnson and Brown resigned their tutorships and sailed for [Eng- 
land to receive ordination from an English bishop. Johnson became 
later president of King's (now Columbia) College in New York. 

Soon after this the Physics of Eohault was introduced at Yale as a 
text-book. Eohault (1620-75) was a French philosopher and an im- 
plicit follower of the Cartesian theory. The eilition used was that by 
the celebrated Samuel Clarke, who had taken the rugged Latin version 
of the treatise of Eohault (then used as a textbook at the University 
of Cambridge, England), and published it in better Latin, together 
with numerous critical notes, which he had added with a view of 
bringing the Cartesian system into disrepute by exposing its fallacies. 
This disguised Newtonian treatise maintained its place at Yale until 
1743, when it was superseded by the work of Gravesaiide. 

During President Clap's time, Martin's Philosophy, in three volumes, 
was the text-book in this science ; when this work came to be out of 
print. President Stiles procured Enfield's Philosophy, which was the 
first introduction into American colleges of that now obsolete work. 

It is worthy of remark that, in 1749, Bon janiin Franklin presented to 
the college an electric machine, and that, a few years later, Ezra Stiles, 
then tutor at the college, began to make experiments with it. These 
are supposed to have been the earliest of Wie kind made in New England. 

It appears that in 1733, Euclid was being used as a text-book in 
geometry. The earliest mention of Euclid at Harvard is in 1737. lu 
1733, Dr. John Ilubbard of New Haven, who had received the honorary 
degree of master of arts three years previously, testified his gratitude 
by writing a ])anegyric, "The Benefactors of Y'ale College." 

He introduced a recent gift of mathematical books by Joseph Thomp- 
son, of London, with the following stanza: 

" Tho Mathematicks too our tbo*t8 employ, 
Which nobly elevate the Student's joy : 
Tho little Euclids round the table set 
And at their rigid dcnionatrations sweat/' t 

This same Joseph Thompson donated to the college also "a complete 
set of surveying instruments, valued at £21." ** A reflecting lelescopo, 
a microscope, a barometer, and other mathematical instruments — valued 
at £37, were bought by a subscription from the trustees and other8."| 

• Raruanrs Journal, Vol. XXVIl, 1877; Article^: ''Sainiiel Johnson." 
t Yah? IJio^raphies and Annais, 1701-45, by F. B. DexttT, p. 473. 
t Ibid., I}, b)ll. 
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In 1742, elementary mathematics oame to be removed from its aagast 
position in the cnrriculnm as a eeuior stndy, and to be assigned an 
humbler bnt more befitting place nearer the beginning of the courtie. 
In 17-12 the rector of the college adviaed the students to pursne a regalar 
course of academic studies in the following order : " In the first year to 
study principally the tongues, aritiimetic, and algebra; the second, 
logic, rhetoric, and geometry; the third, mathematics, and natural 
philosophy; and the fonrtb, ethics and divinity,"* 

That these changes were not made earlier than 1742 is evident from 
a passage in the memoir of Samuel Hopkins, who graduated in 1741, 
stating that then " metaphysics and mathematics found their place in 
in the fourth year, being in their turn the subject of study and recita* 
tion for the first four daj-s of every week.''t 

At what time this dethronement of elementary mathematics as a 
senior study took place'at Harvard, we are not able to state. It will 
be noticed that, at Yale, mathematics and natural philosophy had at 
this period exchanged places, the former now preceding the latter. 
From the above it is also evident that algebra was studied at Yale in 
1743. The earliest mention of algebra at Cambridge is in 1786, though 
it doubtless began to be taught there much earlier. What branch of 
mathematics constituted the study for the third or Junior year remains 
a matter of conjecture. The " mathematics " spoken of in the extract 
probably referred to trigonometry, possibly together with some other 
branches. 

A strong impetus to the study of mathematics at Yale was given 
during President Clap's administration. Thomas Clap graduated at 
Harvard in 1722. Doctor Stiles, his successor in the presidency at 
Yale, says that Clap studied the higher branches of mathematics, and 
was one of the first philosophers America has produced, " that he was 
equalled by no man, except the most learned Professor Winthrop." In 
his history of Tale, written in 1768, the year of his resignation, President 
Clap gives tlie following account of the studies pursued by students at 
the college : 

"In the first year they learn Hebrew, and principally pursue the 
study of the languages, and make a beginning in logic and some parts 
of the mathematics. lu the second year they study the languages, but 
principally recite logic, rhetoric, oratory, geography, and natural phi- 
losophy ; and some of them make good proficiency in trigonometry and 
algebra. In the third year they will pursue the study of natural phi- 
losophy and most branches of mathematics. Many of them well under- 
stand surveying, navigation, and the calculation of eclipses; and some 
of them are considerable proficients in conic seetrona and fluxions. In 
the fourth year they principally study and recite metaphysics, ethiai, 
and divinity."! 

'Vale SiograpbieB and Annals, 1701-4.'), p. 724. 
H jNew EugUnder, Angust, ltC2, p. 4.')2: Profeiisar Park's Uemoir otilopkin 
b} Yale College ; a Skotah of Ito Histoiy, by Wm. L. Emgslef , Vol. II, pp. 497 and 139. 
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The mathematical course in the above cuiricnlam is indeed one that 
Yale had reason to be proud of. It shows that not only algebra and 
geometry, but also trigonometry, and even conic sections and fluxions, 
were studied at Yale previous to the year 1766. This is the earliest 
distinct mention of conic sections and fluxions as college studies in 
America. 

Mathematics seem to have come to occupy some of the time which 
was given at first to logic. President Clap does not enumerate the 
text-books employed, but his successor, Doctor Stiles, in his diary for 
3!fovember 9, 1779, mentions a list of books recited in the several classes 
at his accession to the presidency, in 1777. The mathematical books 
are, for the Freshman class, Ward's Arithmetic; Sophomore class, Ham- 
mond's Algebra, Ward's Geometry (Saturday), Ward's Mathematics; 
Junior class, WanVs Trigonometry, Atkinson and Wilson's Trigonom- 
etry. 

On comparing this mathematical course with that given by President 
Clap eleven years previous we observe some changes. The study of 
conic sections and fluxions had been apparently discontinued. This 
waning of mathematical enthusiasm was probably due to the departure 
of President Clap, and also to the political disturbances and confusions 
of the times. It would seem that during Clap's administration not all 
the students took higher mathematics, but only those who were partio- 
nlarly fond of them. Clap says, '* Many of them well understand sur- 
veying, navigation, and the calculation of eclipses ; and nome of them 
are considerable proficients in the conic sections and fluxions." 

That optional studies were then pursued occasionally is evident from 
a statement by President Stiles that he began instructing a class iu He- 
brew and Oriental languages, which he '^ selected out of all other 
classes, as they voluntarily offered themselves." The extent to which 
each of these branches was studied may probably be correctly inferred 
from the contents of Ward's Young Mathematician's Guide. This con- 
sists of five parts : arithmetic, algebra, geometry, conic sections, and 
arithmetic of infinites. Students that were mathematically inclined 
went through the entire work it would seem, excepting the algebra, 
which was studied from Hammond's book. 

The year 1770 is memorable for the creation of the chair of " mathe- 
matics and natural philosophy" at Yale. This was done apparently to 
fill the gap caused by the departure of President Clap, who was uncom- 
mouly skilled in those sciences. The first occupant of this chair was 
2sehemiah Strong, who kept it eleven years. He belonged to the class 
of 1755 at Yale, and was tutor there from 1757 to 'CO. Before entering 
upon the duties of his chair, he had been pastor. After his resigna- 
tion of his chair, he entered npon the study and practice of law. He 
poblished an "Astronomy Improved " (New Haven, 1784). President 
T. Dwight speaks of him as " a man of vigorous uuderstunding.'' 
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William and Mary is next to Harvard the oldest of American coI« 
leges. From 1683, the year of its organiziitiou at Williamsburg, Va., 
until the inangaratioa of the University of Virginia, it was the leading 
educational institation in the Soath. Owing to the repeated destruc- 
tion by fire of the college baildings and records, not even theeiicces- 
sioQ of the professors has been preserved. The early conrses were in 
all probability mnch the same as the contemporaneons courses at Har- 
vard, Aocordiug to Campbell, 5 professorships were provided for by 
the charter, namely, those of Greet and Lalio, mathematics, moral 
philosophy, and two of divinity. In speaking of the early course of 
study, Howison says that it embraced also a " oatnral philosophy 
which was just hegioning to believe that the earth revolved round the 
sun, rather than the suu round the earth." 

The earliest mathematical professor at William and Mary whose name 
has come down to us, was Rev, Hugh Joues. The college had a pro- 
fessorship of mathematics from its very beginning, and at a date when 
mathematical teaching at Harvard was still in the hands only of tutors. 
The names of the predecessor or predecessors of Hugh Joues are not 
known. He is the earliest professor of mathematics iu America whose 
name has been handed down to ns. He was aa Eaglishman of univer- 
sity education; came to Maryland iu 1696; was for a time pastor of 
a church; and then was appointed to the chair of mathematics at 
William and Mary. He was a man of broad, scholarly attainments, and 
endeared himself to the student of history quite as much as to the 
mathematician, by writing his invaluable book on The Present State of 
Virginia (1724). Says Dr. Herbert B. Adams: "His monograph is 
acknowledged to be one of the best sources of information respecting 
Virginia in the early part of the eighteenth century." The following 
quotations from it {p. 44) may be of interest: ''They (the Virginians) 
ara more inclinable to reatl men by business and conversation than to 
dive into books, and are for the most part only desirous of learning 
what is absolutely necessary in the shortest and best method." 

" Having this knowledge of their capacities and inclination from suf- 
ficient experience, I have composed on purpose some short treatises 
adapted with my best judgment to a course of education for the gentle- 
men of the plantations, consisting in a short English Grammar, an Ac- 
cidence of Christianity, aa Accidence to the Mathematiok in all its parts 
and applications, Algebra, Geometry, Surreying of Land, and Nasiga- 
tioiiJ" I 

" These are the most useful branches of learning for them, and such 
as they willingly and readily master, if taught iu a plain and short 
method, truly applicable to their (7entu3 ; which 1 have endeavored to 
do, for the use of them and all others of their temper and parts." 

Wo aro not to understand by the above that hia "Accideuce to the 
881— No. 3 3 
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Matheiuatick " aud the Other books mentioDed were actually printed; 
they existed only ia maimscript copies. From the above it appears that 
about 1724 the mathematical course at William aud Mary was quite 
e^ual to that in either of the two New England colleges. We mast, of 
course, guard ourselves against the impression that full and exhaustive 
courses were given in algebra, geometry, surveying, and navigatioD. 
As is pointed out by the author himself, the merest rudiments only 
were imparted. 

Reverend Jones was succeeded by Alexander Irvine, and he* in turn 
by Joshua Pry. Pry was educated at Oxford, and, after coming to this 
country, was made masiter of the grammar school connected with Will- 
iam and Mary, and later, professor of mathematics in the college. In 
company with Peter Jeflferson, the father of Thomas Jefferson, he made 
a map of Virginia. He also served on a commission appointed to deter- 
mine the Virginia and North Carolina boundary line. He was sno- 
ceeded in 1758 by William Small. 

A few years before the outbreak of the Revolutionary War William 
and Mary College had among her students several who afterwards rose 
to prominence ; she had four who became signers of the Declaration of 
Independence, and also the illustrious Thomas Jefferson, who became 
the author of this great document. At William and Mary, Jefferson 
was a passionate student of mathematics. The college long exercised 
the duties of the office of surveyor-general of the Colony of Virginia^ 
Thomas Jefferson's father was a practical surveyor, who had been 
chosen in 1747 with Joshua Pry, then professor of mathematics at Will- 
am and Mary, to continue the boundary line between Virginia and 
Korth Carolina. 

When Thomas Jefiferson, at the age of seventeen, entered the Janior 
class, he came into intimate relatioli with Dr. William Small, of Scotland, 
who was then the professor of mathematics. As an instructor he had 
the happy gift of making the road of knowledge both easy and profit- 
able. In his Autobiography Jefferson says : " It was my great good 
fortune, and what probably fixed the destinies of my life, that Dr. Will- 
iam Small, of Scotland, was then professor of mathematics, a man pm- 
found in most of the useful branches of science, with a happy talent of 
communication, correct and gentlemanly manners, and an enlarged and 
liberal mind. He, most happily for me, became soon attached to mSi 
and made me his daily companion when not engaged in the school ; and 
from his conversation I got my first views of the expansion of science, 
and of the system of things in which we are placed.'' 

In 1773 Thomas Jefferson was appointed surveyor of the county of 
Albemarle. But the college of Williamsburg left its stamp upon Jef- 
ferson, not merely as a qualified surveyor, but also as a statesman, phi- 
losopher, economist, and educator. We dwell with special interest upon 
his association at college with Dr. Small, because in later years, when 
filling the office of President of the United States, we shall marvel at 
the rich fruits his early association with a loverof exact science brought 
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forth. It was during Jeflferaon'a admimstratioii that a systematic plan 
of uoadactiDg the Goveirnment aarveya of the great North-West Terri- 
tory was initiated; it wasduriughiaadmimstratioa that the great work 
of the U. S. Ooaat Surrey waa first inaogurated. Ho tfXik also great 
interest iu the enlargetneut of the U. S. Military Academy. In these 
great moTemeuts the personal interest and enlightened zeal of Jefferson 
himself were the primary motive power. His biographers tell ua that 
be woa-the first discoverer of the lormula for constrnctiug the mould- 
board of a plow on mathematical principlea. He wrote to Jonathan 
Williams on thia subject, July 3, 1706 : " I have a little matter to com- 
manicato, and will do it ere long. It is the form of a mould board of 
least resistance. I had some years ago conceived the principles of it, and 
1 explained them to Mr. Rittenhonse." We quote the following to show 
that even in his old age he still loved the favorite study of his youth. 
Said he in a lett«r to Col. William Duane, dated October, 1812, " When 
I waa young, mathematics was the paasion of my life. The same pas- 
sion has returned upon me, but with unequal powers. Processes which 
I then read off with the facility of common diacourse, now cost me labor 
and time, and slow investigation," Of interest are also certain pas- 
sages iu a course of legal study which he drew up for a young friend : 
" Before you enter on the study of law a sufQcient groundwork must 
be laid. • ■ • Mathematics and natural philosophy are so nseful 
in the most familiar occnrrences of life and are so pecniiarly engag- 
ing and delightful as would induce every one to wish an acquaint- 
ance with them. Besides this, the faculties of the mind, like the mem- 
bers of the body, are strengthened and improved by exercise. &Iatbe* 
matical reasoning and deductions are, therefore, a fine preparation for 
investigating the abstruse speculations of the law," Among the books 
in mathematics recommended by Jefferson to his young friend are, 
Bezout's Cours de Mathimalique — the best for a student ever published ; 
Montucla, or Bossut, Histoire dti Matk6iHatiques ; Astroaomy — Fergu- 
son, and Le Mounier or De Lalande. 

It should not be left unmentioned here that George Washington once 
applied to the Cullege of William and Mary for an elective course in 
land surveying, and that he received his first commission as county 
surveyor from the faculty of the college. Iu this connection we can not 
refrain quoting a passage from the excellent monograph by Dr. Herbert 
B. Adams on the College of William and Mary." "It is interest! ag," 
says he, >'to trace the evolution of men as well as of institutions. It is 
generally known that Washington began his public life as a county 
surveyor, but, in all probability, few persons have ever thought of his 
service in that office aa the historical and economic germ of his political 
greatness. Most people regard this early work as a pa.'tsiug incident 
in his career, and not as a determining cause, and yet it is possible to 
show that Washington's entire public life was but the natural out- 

* Circolsr of Inform at ion of the Bureau of Edncatiou, No. t, 1887, p. 30. ^ 
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growth of that original apx)oiDtmeQt given him in 1749, at the age of 
seventeen, by the College of William and Mary. That appointment, in 
the colonial days of Virginia, was the equivalent of a degree in civil 
engineering, and it is interesting to observe what a peculiar bias it 
gave to Washington's life before and after the Bevolation." 

Professor Small's snccessors in the mathematical chair at William 
and Mary were Bev. Thomas Gwatkin, George Blackbam, Ferdinand 
S. Oampbell, Bobert Saunders, Bei\jamin S. Ewell, and Thomas T. L. 
Snead. 

XTNrVERSITT OP PENNSYLVANIA. 

The University of Pennsylvania was chartered in 1765, and was 
known before the Eevolution as the College, Academy, and Charitable 
School of Philadelphia. The celebrated Dr. William Smith, D. D., was 
the first provost. He was a man of great learning and superior execa- 
tive ability. Under his administration, previous to the outbreak of the 
Eevolution, the college made marvellous progress. The teachers were 
men of well-established reputation throughout the colonies. Dr. 
Smith, who was very fond of mathematical studies, gave lectures on 
mathematics, natural philosophy, astronomy, and rhetoric. In 1769 he 
appears as one of the founders of the American Philosophical So- 
ciety. The first volume of the transactions of that society contains ao- 
curate observations by Eittenhouse and himself of the transits of 
Venus and Mercury. Associated with him at the college as professor 
of mathematics, from 1760 to 1763, was Hugh Williams. He was a 
graduate of the institution, and a minister. Afterward he stadied 
medicine abroad and then practiced in I^hiladelphia. He took great in. 
terest in astronomy, and observed the transit of Yenus and Mercury 
for the Philosophical Society. 

Theophilus Grew is also mentioned as a mathematical instractor. 
Bev.^benezer Kinnersley, Franklin's assistant in his electrical experi- 
ments, gave instruction in physics. ^' In this institution," says Dr. 
Smith, '< there is a good apparatus for experiments in natural philoso- 
phy, done iu England by the best hands and brought over from thenoe 
in different parcels. There is also in the experiment room an electrical 
apparatus, chiefly the invention of one of the professors, Mr. Kinners- 
ley, and perhaps the completest of the kind now in the world." The 
courses of study mapped out by Dr. Smith are preserved in his 
works.* According to this, the mathematical and physical instruction 
during the three years at college was as follows (in 1758) : 

First y ear, -^Common and decimal arithmetic reviewed, includiDg fractions and the 

extraction of roots ; algebra through simple and quadratic equations, and log- 

arithmical arithmetic ; first six books of Euclid. 
Second yMr.— Plane and spherical trigonometry ; surveying, dialing, navigation ; 

eleventh and twelfth books of Euclid; conic sections ; fluxions; architeotore, 

with fortification ; physics. 
Third year. — Light and color, optics^ perspective, astronomy. 



• William Smith's Works, iQS», p. ^K». 
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There is given, ia addition to tliis, tli« following list of " books r 
meotled for improving the youtli in the various branobes." 
Firil .wear.— Barrow's Lectures, P^irclie's Geoiiicliv, Maciauria's Algobrn, Ward'* 

Mathetmilks, Knil'a TrigoDometrj. 
Second yoar.— Putoiin'B NavigatloD, Gregory's Gaoraetry and For tlS eat ion ; Siinaou'a 

Cuulo Sections; Maol»Driii'B sod Euiar-on's Flniious. 
Iftirrfjiear.— HoUham's Leotores; Gravesaude; Cote'a Ilydrosliitiew ; Di'sBgaliera; 

MuBcUenbroec ; Koil'ji Introiluotiou ; Martin's Philoaophy, Mudanriu's Tiow of 

Sir laUiO Newton's Pbilunophy, Roliault per Clncke. 
It appears that tiie iustructioii was given b.v lectores, the books of 
which the above is a partial list, were (says Dr. Smith) "to be coii- 
BQlted occasionally in tlie lectures, for the iiliistrations of any particular 
part; and to be read afterwards, for completing the whole." How 
closely this advanced carriculum of Dr. Smith was adhered to, and huw . 
nemly his ideal scheme ci^ine to be realized in the actual work of tbo 
college, we have uo means of determining. This much ia certain, that 
before the Kevolnlion the institution attracted a largo number of stu- 
dents. According to Dr. Smith, the attendance in the college alone 
went as high as ouu hundred, while the total attendance, including the 
pupils of the academy and charity schools, surpassed throe hundred. 
Of the coarse of study which ho planned for the institution, it has been 
said by competent judges that "no such comprehensive scheme of edu- 
cation then existed in the American colonies." 

But there followed a reaction. Political troubles at the beginning of 
the Revolutionary War broke up the institution. The authorities of 
the college were accused of disloyalty, and in 1779 the charter was an- 
nulled by the Provincial Assembly, and the college estate vested in a 
new board. Dr- Smith was ejected, and in 1791 there was organized 
the "University of Pennsylvania." Many years elapsed before the 
institution regained the popularity it enjoyed before the war. 

Self-taught Mathesiaticians- 

The mathematicians mentioned in the previous pages were all men 
engaged in the profession of teaching. But, strange as it may seem, 
the most noted mathematician and a^itronomer of early times was not a 
professor in a college, nor had he been trained within college walls. 
We have reference to David Rittanbonse, He was born near German- 
town. Pa., in 1732. Until about his eighteenth year, be was employed 
on bis father's farm. The advantages for obtaining an education in 
rural districts were then exceedingly limited, but the elasticity of his 
genius was superior to the pressure of adverse fortnne. At the age of 
twelve he came iu possession of a chebt of carjienter's tools, belonging 
to an uncle of his, who had died some years previously, This chest 
contained, besides the implements of trade, several elementary books 
treating of arithmetic and geometry. This hnmble coffer was tu him an 
invikluable treasure, for the toohs a&'i>iti«OL \iuQ.sQ'aj,fe^sifta.via tA '«i!«t.'ii*Ns.'4. 



I 



38 tEACHIMQ AND HISTOET OP MATHEMATICS. 



S 



the bent of bis genias toward mecbanics, while the books early led bis 
mind to those pnrsaits for which it was pre-eminently fitted. While a 
boy be is said to have covered the fences and plows on his father's farm 
with geometrical figures. At the age of seventeen he constructed a 
wooden clock. 

The delicacy of his constitution and the irresistible bent of his genias 
induced his parents to yield to his oft-repeated wish of giving up farm- 
ing, and to procure for him the tools of a clock and mathematical instm- 
ment maker. Eitlenhouse now worked diligently with his tools daring 
the day, and at night spent a portion of his time which should have 
been passed in taking repose in the prosecution of his studies. His 
success seems to have been extraordinary, for his biographers assert 
that before the age of twenty he was able to read the Principia, and 
that he had discovered the method of fluxions without beiug aware that 
this had already been done by ISTewton and Leibnitz. In Spark^s 
American Biography we read that since IS'ewton in his Principia 
'^follows the synthetic method of demonstration and gives no clue to 
the analytic process by which the truth of this proposition was first dis- 
covered by him, • • • Eittenhouse began to search for the instru- 
ment which might be applied to the purpose of similar discoveries, and 
in his researches attained the principles of the method of fluxions.'* 

Dr. Bush, in his eulogy on Eittenhouse, says in the same way : '*It 
was during the residence of our ingenious pliilosopher with his father 
in the country that he made himself master of Sir Isaac Newton^s Prin- 
cipia, which he read in the English translation of Mr. Motte. It was 
here, likewise, he became acquainted with the science of fluxions ; of 
which sublime invention he believed himself, for a while, to be the 
author, nor did he know for some years afterwards that a contest had 
been carried on between Sir Isaac Kewton and Leibnitz for the honor 
of the great and useful discovery. What a mind was here ! Without 
literary frionds or society, and with but two or three books, he became, 
before he had reached his four and twentieth year, the rival of two of 
the greatest mathematicians in Europe.'^ 

Our information concerning the studies of our young philosopher is 
so scanty, that we find it impossible to determine the exact range of his 
thought49 or the consequences that flowed from them. l!^ot the slight- 
est information as to the exact nature of his alleged invention has been 
preserved. He himself seems to have attached no weight to it. We 
are of the opinion that his invention, whatever it may have been, was 
not of suflQcient importance to deserve the name of an " invention of 
fluxions.'' If Eittenhouse actually made an invention of such trans- 
cending magnitude before the age of twenty, and at a time when he 
had hardly begun his scientific studies, how is it that he made not the 
slightest approach to any similar discovery during the forty-four years 
of his maturer life! Though always a passionate lover of scientific 
pursuits, he made no original contributions whatever to the science of 
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pare matbeiDatics. Science ia iudebteded to him cliiefly forMaorrei 
aud the obHtsrraiiODs of the trausit of Teous. We are, therefore, 
the opiuioQ that tbe alleged iuveutioa of Suxioas was little more than' 
a " rumor set afloat by idle gossip." It serves to show ds, however, 
ill what QobouDdcd admiration he was held by Itis couDtrymeD. 

At tbe age of nineteen Ititt«nhouso made the aoquaintauce of Thomas 
Barton, a talented young clergyman who bad been a student at the 
Uiiiversity of Dublin. An Intimate Irieudship grew np between tliem, 
which proved advantageons to the mental improvement of both. Bar- 
ton was able to furuisli Rittenhouse with some books suitable for his 
intitruGtiou. The burning zeal with vhich our young BciL'utist pursued 
his studies appears from tlie following extract of a letter he wrote to 
Barton on September 20, 1750, at the age of twenty-four : " I have no 
health for a soldier [the country was then engaged iu war], and aa I 
have no expectation of serving my country in that way, I am spending 
my time iu the old trifling manner, and am so taken with optics, that 1 
do not know whether, if Uie enemy sUonld invade this part of the coun- 
try, as Archimedes was slain while making geometrical figures on the, 
sand, so I should die making a telescope." 

As a mechanic, Rittenhouse became celebrated for the extreme 
actness and finish of his workmanship. Especially celebrated were 
chrouomet«r clocks. It was while thus engaged in the manufacture of 
clocks that he planned and executed an instrument which brought into 
play both his mechanical and mathematical skill. This instrument was 
the orrery. Concerning this wonderful mechanism, he wrote to Barton 
January 28, 17C?, as follows: "I do not design a machine which will 
give the ignorant in astronomy a just view of the solar system, but would 
rather astonish the skilful and curious observer by a most accurate cor- 
respondence between the situations and motions of our little represent- 
atives of our heavenly bodies and tlie situations and motions of those 
bodies themselves. I would have my orrery really useful by making it 
capable of informing us truly of the astronomical phenomena for any 
particular point of time, which i do not find that any orrery yet made can 
do." It was, indeed, intended to be a sort of a perpetual astronom- 
ical almanac, in which the results, instead of being exhibited in tables, 
were to be actually exhibited to the eye. His orrery greatly exceeded 
all others iu precision. It attracted very general attention among w«U- 
iuformed persons, and the Legislature of Pennsylvania, in appreciation 
of tbe talents of Rittenhouse, voted that tbe sani of three hundred 
pounds be given to bim. 

There arose a lively competition between diCTerent colleges iu this 
country for the possession of this orrery. While tbe College of Phila- 
delphia was negotiating for its purchase, a committee &om the College 
of £few Jersey wenttoesamineit, and concluded to buy it at once; and 
thus, much to the chagrin of Dr. William Smilb, Princeton bore off the 
palm from Philadelphia iu obtaintui^ p^^ses^wu uix^at^isftXiWtttYj •«*■&.- 
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Btracted by Bittenlioase. He atterwards made another onefor thePhU- 
adelpbia College. The aathor of The Vision of Colnmbns, a poem first 
pablished in 1787, allades to the Kittenhoase orrery m Philadelphia and 
the mass of people crowding to the college hall to see it, in tho following 
lines (Book VII): 

See the sage Eittenhoasei with ardent eye. 
Lift the loDg tabe and pierce the starry sky ; 
Clear in his view the circling systems roll, 
And broader splendours gild the central pole. 
He marks what laws th* eccentric wand'rers bind, 
Coi^ies Creation in his forming mind, 
And bids, beneath his hand, in semblance rise. 
With mimic orbs, the labonrs of the skies. 
There wond'ring crowds with raptnr'd eye behold 
The spangled heavens their mystic maze unfold ; 
While each glad sage his splendid hall shall grace, 
With all the spheres that cleave th' ethereal space. 

In Angust, 1768, Eittenhouse was appointed by the American Philo- 
sophical Society in Philadelphia as one of a committee to observe the 
transit of Venus on June 3d of the following year. A temporary ol>- 
servatory was built by him for the purpose near his residence at Norri- 
ton. Dr. William Smith aided him in procuring suitable instruments, 
and the preliminary arrangements were made with most scrnpalons 
care. The approaching phenomenon was one of great scientific impor- 
tance. Only two transits of Venus had been observed before his time, 
and of these, the first, in 1639, had been seen by only two persons. 
These transits happen so seldom that there cannot be more than two 
in one century, and in some centuries none at all. But the transits of 
Venus are the best means we have for determining the parallax of the 
sun. At the approach of the transit, Eittenhouse and his assistants in 
this observation, Dr. William Smith and Mr. Lukens, then surveyor- 
general of Pennsylvania, awaited the contacts in silence and anxiety. 
The observations were a success, and established for Eittenhouse tbe 
reputation of an exact and careful astronomer. The transit was ob- 
served in Boston by Professor Winthrop, and in Providence by Benja- 
min West, at almost all the observatories in Europe, and in various 
other parts of the globe. During the transit Eittenhouse saw one 
phenomenon which escaped the notice of all other astronomers. When 
tho planet had advanced about half of its diameter upon the snn, 
that part of the edge of the planet which was off the sun's disc appeared 
illuminated, so that the outline of the entire planet could be seen. Bnt 
a complete circle of light around Venus would indicate that more than 
half of Venus is illuminated. This can happen, as far as we know, 
only when the rays of light are refracted by an atmosphere. Hence, 
it would follow from the observations of Eittenhouse that Venus is sur- 
rounded, like the earth, by an atmosphere. But this appearance of a 
ring of light was not confirmed by other astronomera, and tke atate* 
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ment of Ritteuhonae excited no attention for nearly a centary, until 
observation was, at laat, oondrined by other aBtrouoniers. 

An important invention made by Ritbouliouso is that of the " colli- 
mator," "a device for obtaining a meridian mark without going faraway; 
it has lately come baclt from Germany, where it wa3 reinvented,"* 

The reputatiou which Bittenbouae tad uow acqntred as an astronomer 
attracted the attention of the Government, and he was employed in 
several important geodetic operations. In 1779 he was named one of 
the commissioners for adjusting a territorial dispnte between the States 
of Pennsylvania and Virginia; in 1786 he was employed in fixing the 
line which separates Peuusylvauia from the State of New York, and in 
the following year be assisted in determining the boundary between 
New York and Massachusetts. In 1791 he was chosen snccessor of Dr. 
Franklin in the presidency of the American Philosophical Society. 
his scientific commauications were made to that society and publish* 
in its Transactions. 

Kittenhonse came to ba looked up to by his countrymen as an 
tronomer equalled by few and surpassed by none of his contemporarieft'- 
Listen, if you please, to Thomas Jefferson's estimateof him. In answer to 
the assertion of AbbS Raynal that "America had not yet produced one 
good poet, one able mathematician, one man of genius in a single art or a 
single science," Jefferson says : "When we shall have existed as a people 
as long as the Greeka did before they produced a Homer, the Romans a 
Virgil, the French a Racine and Voltaire, the English a Shakespeare 
and Milton, shoold this reproach be still true, we will inquire from what 
unfriendly oanses it has proceeded, that the other comitries of Europe 
and quarters of the earth shall not have inscribed any name in the toll 
of poets. • " • lo war we have produced a Washington, whose 
memory will be adored while liberty shall have votaries, whose name 
shall triumph over time, and will in future ages assume its just station 
among the most celebrated worthies of the world. • • • In physics 
we have produced a Franklin, than whom no one of the present age has 
made more important discoveries, nor has enriched philosophy with 
more, or more Ingenious, solations of the phenomena of nature. We 
have supposed Mr. Rittenkouse second to no astronomer living; that in genius 
he mmt be the firgt, because lie U self-taught. As an artist be lias ex- 
hibited as great a proof of mechauical genius as the world has ever pro- 
duced. He baa not indeed made a world; but he has by imitalion 
approached nearer its Maker than any man who baa lived from the 
creation to this day.''f 

Such was Jefferson's estimate of Rittenhonse. James Renwick says 
that " he [Ritteuhoase] had shown himself the equal in point of learn- 
ing and skill as an observer to any practical astronomer then living." 
Dr. BuNh, in his eulogy, exclaims: "-What a mind was here! Without 

Tbc D'.'velopmetitof Astrouoiayintbe United SUlii»,M'i'»^-'^-'^-'*i'*Si5a^tt-'%_ 
i JeSenoii'a Sotoa oa Virginia. 
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literary friends or society, and with but two or three books, he became^ 
before he had reached his four-and-twentieth year, the rival of two of 
the greatest mathematicians iu Europe t ^ 

If we estimate Sitteuhouse by what he might have done had he had a 
more ragged physical constitation and better facilities for self-develop- 
ment ; had he had an observatory at his disposal sach as those of his 
great contemporaries, Maskelyne and William Herschel in Eog^land, 
Lalande and Gount Gassini in France, Tobias Mayer in Germany, then 
the above estimates may be correct Bat if oar astronomer be jadged 
by the original contribntions which, nnder existing adverse ciraom- 
stances, he actaally did make to astronomy and mathematics, then it 
mast be admitted that he can not be placed in the foremost rank of as- 
tronomers then living. Friends will jadge him by what he might hav0 
done; the world at large will jadge him by what he actually aoeam' 
plished. Our greatest indebtedness to Sittenhonse lies not in the origi- 
nal contributions he made to science, but rather in the interest which 
he aroused in astronomical pursuits, and in the diffusion of scientiflo 
knowledge in the New World which resulted from his efforts. 

One who enjoyed, in his day, the reputation of being a ^^ great mathe- 
matidan," was Thomas Godfrey, of Philadelphia. He was a glazier by 
trade. Having met accidentally with a mathematical book, he beoame 
so delighted with the study that by his own unaided perseverance he 
mastered every book he could get on the subject. He pursued the stady 
of Latin in order that he might read Newton's Principia. Optics and 
astronomy became his favorite studies, and the exercise of liis thonghta 
led him in 1730 to conceive an improvement of the quadrant. In 1732 
a description of his invention was sent to Dr. Hadley in England. 
Meantime, in 1731, Hadley had made a communication to the Boyal 
Society of London, describing an improvement of the quadrant similar 
to that of Godfrey. The claims of both parties were afterwards inves* 
tigated by the Koyal Society, and both were entitled to the honor of in- 
vention. The instrument is still called ^^ Hadley's quadrant,'' though of 
the two Godfrey was the first inventor. Afterwards it appeared that 
both had been anticipated in their invention by Newton. 

Some of the personal characteristics of Godfrey are known to ne 
through the writings of Benjamin Franklin. ^'I continued to board 
with Godfrey, who lived in part of my house with his wife and children, 
and had one side of the shop for his glazier's business, though he worked 
but little, being always absorbed in mathematics." In the autumn of 
1727 Franklin formed most of his ingenious acquaintances into a club 
for mutual improvement, called Junto. It met Friday evenings. " One 
of the first members of our Junto," says Franklin, '' was Thomas God- 
frey, a self-taught mathematician, great in his way, and afterwards in- 
ventor of what is now called Hadley's Quadrant. But he knew little 
out of his way, and was not a pleasing companion, as, like most great 
mathematicians I have met with, he expected universal precision in 
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everything said, and was forever denyinfr and distinguishing n] 
trifles, to the disturbance of all converaation." 

This assertion of Franklin that all mathematicians be bad met were 
insuQerable from their trifling and captious spirit, has been esteusively 
quoted by np[)onents of the mathematical sciences. It was quoted by 
Goethe, and afterwards by Sir William Hamilton, the metaphysician, 
when he was engaged in a controversy with Whewell, the celebrated 
author of the History of the Inductive Hcieiices, on the educational 
value of mathematical studies. Hamilton attempted to prove tlie start- 
ling proposition that the study of mathematics not ouly possessed no 
educational value, but was actually injurious to the mind. He must 
have experienced exquisite pleasure in finding that Franklin, the great- 
est physical philosopher of America, had made a statement to the effect 
that all mathematicians he had met were "forever deuying and dis- 
tinguishing upon trifles." 

We shall not speak of this controversy, except to protest against any 
general conclusion being drawn from Franklin's eri>erience of the 
I captiousness of mathematicians. Take, for examples, David Kitten- 
' house and Nathaniel Bowditch, who were early American mathemati- 
cians, and, like Godfrey, self-taught men. Though Franklin's state- 
ment may be trae in case of Thomas Godfrey, it is most positively 
unjust and false when applied to the other two scholars. The biogra- 
phers of David Bitt«nhouse are iiDauiiuous and explicit in their asse ition 
that in private and social life he oxliibited all those mild and amiable 
virtues by which it is adorned. As to Nathaniel Bowditch, of whom we 
shall speak at length later on, we have the reliable testimony of numer- 
ous writers that he was a man remarkable for his social virtues, 
modest and attractive manners,' and Franklinian common f 

Mt'ution should be miido here of Benjamin Banneker, the self-taugl 
" negro astronomer and philosopher," born in Maryland, who beoami 
noted in his neighborhood as an expert in the sotntiou of difficult prob- 
lems, and who, with the use of Mayer's Tables, Ferguson's Astronomy, 
and Leadbeater's Lunar Tables, made creditable progress in astronomy, 
and calculated several almanacs. His first almanac was for the yearl792. 
The publishorH speak of it as "having met the approbation of several 
of the most distinguished astronomers in America, particulariy the cele- 
brated Hit ten house." Banneker scut a copy to Mr. Jefferson, then Sec- 
retary of State, who said in his rei>ly, " I have taken the liberty of send- 
ing your almanac to Monsieur de Condorcet, .wcretary of the Academy 
of Sciences at Paris, aud member of the Philanthropic Society, because 
I considered it a document to which your whole color had a right for 
their justiQcatiou against the doubts whicli have been entertained pi 
them."* Banneker was invited by Andrew Gllicott to accompany "the 
CommiasionerB to ran the linos of the District of Columbia" upon their 
mission. 
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INFLUX OF ENGLISH MATHEIMATICS, 1776-1820. 

The Bevolutiouary War bore down so heavily upon the educational 
work in both eletneutiiry and higher institutions, that many of them, 
for a time, actually closed their doors. The majority of students and 
professors of Harvard and Yale were in the Army, or were in some 
other way rendering aid to the national cause. The buildings of Nas- 
sau (Princeton) College were for a time used as barracks. The basiness 
of Columbia College in New York was almost entirely broken up. The 
professors and students of Rutgers College at New Brunswick, N. J., 
were sometimes compelled by the presence of the enemy to pursue their 
academical studies at a distance from New Brunswick. The operations 
of Brown University in Providence, 11. 1., were discontinued during 
part of the war, the college building being occupied by the militia and 
the troops of Bochambeau. At William and Mary College the exer- 
cises were suspended in 1781 for about a year, and the building was oc- 
cupied at different times by both British and American troops. The 
walls of the college were " alternately shaken by the thunder of the can- 
non at Yorktown and by the triumphant shouts of the noble bands who 
had fought and conquered in the name of American Independence." 
Academies and primary schools were either deserted or taught by wo- 
men and white-haired men too old to fight. That the philosophic pur- 
suits of scientific societies should have sunk very low is not surprising. 
Fifteen years elapsed between the publication of the first and second 
Tolumes of the Transactions of the American Philosophical Society in 
Philadelphia. 

In spite of the financial depression and poverty which existed imme* 
diately after the war, much attention was paid to education. While in 
1776 there existed in the colonies only seven colleges, the number was 
increased to nineteen before the close of the eighteenth century. Acade- 
mies and grammar schools were established, and a large number of 
text-books were put through the press. Even during the war the print- 
ing-press sent out an occasional school-book. Thus, in 1778, while the 
war was raging most fiercely, an edition of Dil worth's spelling-book was 
printed, which contained in its preface the following patriotic passage : 
'» At the beginning of the contest between the Tyrant and the States, 
it was boasted by our unnatural enemy, that, if nothing more, they 
could at least shut up our ports by their navy and prevent the importa- 
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tioD of books and paper, so that ia a few years we sboald sink down 
into barbarity and ignorance, and be fit companions for tlie Indiana, 
our iieiglibors to the westward." Tliese words, printed at the darkest 
period of the Revolutionary War, disclose a spirit far fiom snbmiesive. 
The colonists were not quite ready to sink down into barbarity and 
ignorance. During the twenty-five years after the Declaration of In- 
dependence, more real progress was made in edncation than in the 
entire centnry preceding. Between 1770 and 1815 a large number of 
books on elementary and a few on higher mathematics were published 
in America. Many of them were repriuts of English works, while 
others were compilations by American writers, modelled after English 
patterns. French and German aatbors were almost nnknown. We 
may therefore call this the period of the " Influx of English Mathe. 
matics" into the Uniced States. What little mathematics was studied 
in the colonies before the Revolution was, to be sore, gotten chiefly 
from English Rources, but the scientific currents thither were then 
very feeble and slow that we can hardly speak of an " Influx. 
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It is a significant fact that of the arithmetics nsed before the Bevol 
tion, but one work in the English language was written by an American 
author. It is equally Bignificant that with the close of the great strug- 
gle for liberty, there began a period of activity in the production of new 
school-books. The second book devoted exclusively to arithmetic, com- 
piled by an American author, and printed in the English language, was 
the New and Complete System of Arithmetic by Nicholas Pike, {New- 
buryport, 1788. )• 

Nicholas Pike (1743-1819) was a native of New Hampshire, graduated 
at Harvard College in 17C0, and was for inanyyears a teacher and after- 
ward a magistrate at Newburyport in Massachusetts. His arithmetic 
received the approbation of the presidents and professors of the leading 
New England colleges. A recommendation from Harvard professors 
contains the following timely remark: " We are happy to see so use- 
ful an American production, which, if it should meet with the encour 
ageioent it deserves, among the inhabitants of the United States, will 
save much money in the country, which would otherwise be sent to 

* It appears that Oreeo wood's Arithmetio, puliUaljed Dearly sixty yeara previoagly, 
was at Ibis timo not known to cilst. Fiko'sArithmetio naa called the;Ir»t Amerlcna 
ivork of its kind. Dr. Arteinas Maitiii lia.s sent the writer the AmericaQ Aotiqna- 
riftn, (Vol. IV, No. 12, New York, May, ISHn) giving so aocoant ot Pike's bonk. It 
eivea a letter written by George Waahiogton at Monat Vernon, Jnne 20, ITBS, to 
Nicholas Pike, in wblcb the former politely ackoowled^B the receipt of a copy of 
Pike's Arithmetio. We quote from tbelettcir the following paiange: 

" Its merits being eitablighed by the approbation of competent Jadgen, I flatter 
m j-aeir tliat tbeideaof its being au American production and Che ^rilo/fb4tin<{ which 
baa appeared, will induce erery patriotic and liberal character to give it all tbc coun- 
leoance and patronage in bis power. " 
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Europe, for publications of this kind." Pike's aritbmetio passed 
throufrb many editions, was long the standard matbematical manual in 
Kew England scbools, and formed tbe basis for otber arithmetica. It 
was a very extensive and complete book for that time. A large 
proportion of the rales were given without demonstration, while some 
were proved algebraically. In addition to the subjects ordinarily foand 
in arithmetics, it contained logarithms, trigonometry, algebra, and 
conic sections, but these latter subjects were so briefly treated as to pos- 
sess little value. After the appearance of Webber's, Day's, and Farrai'a 
Mathematics for colleges, which elaborated these subjects at greater 
length, they were finally omitted in the fourth edition of Pike's Arith- 
metic, in 1822. 

In 1788, when the first edition appeared, English money was still the 
* prevalent medium of exchange in the United States. To be sare, Fed- 
eral money was adopted by Congress as early as 1786, but previous to 
1794 there was no United States coin of the denomination of a dollar. It 
was merely the money of account, based upon the Spanish dollar, 
which had long been in use in this country. Congress passed a law 
organizing a mint in 1792, but permitting the circulation of foreign 
coins for three years, by wiiich time it was believed the new coinajge 
would be ready in sufQcient amount. When dollars and cents began 
to replace pounds and shillings, it became desirable that the Federal 
currency be explained in arithmetics and taught in schools. In conse- 
quence of this, the sterling notation was changed to Federal in tbe 
third edition of Pike's arithmetic, which was brought out in Boston in 
1808 by Nathaniel Lord. Similar changes were made in other arith- 
metics. • 

Down to the year 1800, the only arithmetic written by an American, 
which enjoyed wide-spread and prolonged popular favor, was the one ef 
Nicholas Pike. In 1800 appeared a second successful arithmetic. The 
School-master's Assistant, by Nathan Daboll, a teacher in New London 

* Contemporaneonslj with Pike's Arithmetio there appeared in Philadelphia the 
Elementary Principles of Arithmetic, by Thomas Saijeant. .This hook, as well aa the 
Federal Arithmetio, or the Science of Numbers (Philadelphia, 1793), by the aame 
author, had only an ephemeral reputation. John Gough's Treatise on Arithmetio in 
Theory and Practice, edited by Benjamin Workman (Boston, 1789), as well as 
Gongh^s American Accountant, or School-master's Now Assistant, abridged by Bepja- 
miu Workman and revised by Patterson (Philadelphia, 179G), had a rather limited 
circulation. Nor did John Vinall's Arithmetic (Boston, 1792), enjoy better Bucceaa. 
After having been a teacher in Newburyport for seventeen years, Vinall at last 1>e- 
came writing-master in a school in Boston, his native city. lie is said to have been. 
coarse in speech and, like his book, unpopular. Gordon JohDson wrote an arithme- 
tic (Springfield, 179*2), which never had more than a passing local reputation. Some- 
what more successful was the Introduction to Arithmetic (Norwich, Conn., 1793), by 
Erastus Root, a graduate of Dartmouth, for several yeara a teacher, and afterward 
an active politician and member of Congress. 

Our list of arithmetics printed previously to the year 1800 includes the names of 
several other '^ quaint and cariouB volumes," which, after an ephemeral reputation, 
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(bora 1750 and died 1818). This work pasa^ through uamerous edi- 
tions. TLongli DiiboU bad to compete with Pike's Abridged Arilhinetic 
and with the celebrated Scholar's Arithmetic of Daniel Adams, it oer- 
ertbeless acquired an extenaive popularity. The esprcsdou, " accord- 
ing to Daboll," came to be a synonym for *' mathematical correctness." 
It pushed aside theleBsfavorito works. The main element of popularity 
of Daboll'a School-master's Assistant lay in the fact that it iotrodnced 
Federal money immediately after the addition of whole oumbers, and 
showed how to find the value of goods therein immediately after simple 
mnltiplication. This arrangement, says the author, may be of great 
advantage to many who perhapa will not have au opportunity to learn 
fractions. Decimal fractions were wisely made to precede vulgar frac- 
tions. In the " ItecollectiouB " by Peter Parley, of the town of Kidge- 
field. Conn., are found the following interesting remarks: "We were 
taught arUlimetic iu Daboll, then a new book, and which, being adapted 
to our measures of length, weight, and currency, wasa prodigious leap 
over the head of poor old Dtlwortli, whose rules and examples were 
modelled upon Englisb customs. Id consequence of the general use of 
Dilworth in our schools for perhiips a century, pounds, shillings, and 
pence were classical, and dollars aud cents vulgar for several succeed- 
ing generatioDS. 'I would not give a penny for it' was genteel; 'I 
would not give a cent for it' was plebeian." 

Since the adherence to pounds and shillings came to be offensive to 
the people of the young republic, Mr. Hawley, iu 1803, undertook to 
revise the work aud alter all the problems to Federal currency. He 
called the new work "Dilworth's Federal Calculator," but after this 
change the book was so completely different from the original that the 
use of Dilworth's name_ iu the title eeemed hardly justifiable. Be that 
aa it may, the Federal Calculator was not a snccess. 

At the beginuing of the nineteenth century there were three " great 
arithmeticians" in America, namely, Nicholas Pike, Nathan Daboll, and 

paMEd into forget fulness, never to be rcantrected to memory except by the ctuiOBity 
9f some ioquiring lovers of "forgotten lore," To the above names ve add: The 
Amerioan Tutor's Assistant, by John Tudd. Pliiladelpbia, third edition, 1707 ; Aritb- 
melio by Zucbarlab Jess, Philadelphia, 1797 ; American Arithmetic, by David Cook, 
Neir Haven, Conii., 1799 1 Tlie Csher, oornprisiDg arithmeCio in nliole nambets, 
Federal moaey, mensuration, snrveyinf;, etc., by Ezekiel Little, Exeter, 1799; Usher's 
Arithmetic, abrid^fid, by Ezekiel Little, 1804; Tbe AmerioaD Accountant, byCbaun- 
cey Lee, Lansingbiirg, 1797 ; The American AccoDnlant, by William Milne, Nq,w 
Torli, 1797, in nhioh, instead of the answers to tbe prublenis, which trere nsnally 
given, the author gave the remainders, aftor casting out ibe nines from the auswett. 
A carious little volume is the following : "Tbe Yoang Gentleman's and Lady's Aasist- 
ant, contalaicK CJeegraphy, Natural Pblinsophy, Rheturio, Miscellaneous, to which is 
nililcl A short and complete system of Practical Arithmetic, wherein the money of 
tbe United States of America is retiiiered easy to tbe perception of youth. Tbe 
whole divided into small sections for the aonyenience a( enlioola^ by Donald Fnuei, 
antbor of tbe Colombian Mooitor, New YoEk, HOU." 



^ 




I 



I 



■ 48 TEACniNQ AND HI8TOEY OP MATHEMATICS. 

Dnnid Adanis. Having noticed the first two, we shall briefly speak of 
the third. Uaniel Adams published in 1801 the Siiholar'a Arithmetic, 
n wurk which in point of merit towers far above tho mass of contempo- 
riiry school-books. Ailsims wns a native of Massachusetts, gradaated 
at Dartmouth College in 1797, aad then became teacher, physician, and 
editor. He taught school in Boston from 1806 to 1813, then removed to 
New Hampshire, where he afterward served as State Senator. Though 
engaged in various lines of thonght, aritlimetical studies were his favor- 
ite. He furnished the school-boys' satchels not only with the Scholar^ 
Arithmetic, but also with the Primary Arithmetic, and, in 1827, with 
the Kew Arithmetic, which passed throttgh numerous editions. The 
New Arithmetic differed from the Scholars' Arithmetic in beio^ aaa- 
lyfic instead of synthetic in treatment. The analytic or indactive 
method of teaching, introduced into Switzerland by Pestalozzi, was 
gaining ground rapidly in this ooQOtry at the beginning of the seooad 
quarter of the present century. 

Between 1800 and 1820, a large number of arithmetics sprang into 
existence. Most of them enjoyed only a roiishroom popularity. Among 
the more successful of the new aspirants to arithmetical fame were t^e 
following: Jacob Willetts, of Poughkecpsie, N. Y. , the author of the 
Scholar's Arithmetic, 1812; William Kinne, of Maine, who gradaated 
at Yale in 1804, and subsequently became teacher in his natire 
State and the author of A Short System of Practical Arithmetic, 
Hallowell, second edition, 1807; Michael Walsh, the author of A Kew 
System of Mercantile Arithmetic, adapted to the commerce of the 
United States, Newburyport, 1801; Stephen Pike, whose arithmetic 
was pablished in Philadelphia in 1813; Samuel Webber's Arithmetic, 
1810, which was nsed chiefly by stndenta preparing for Harvard.* 

Onr list of arithmetics published during the first twenty years of this 
century is doubtless very imperfect. Of the larger number of publica- 
tions, the great majority had only an ephemeral reputation. Exceptapg 
those of Pike, Adams, and JDaboU, hardly any have survived the recol- 
lection even of the aged. 

* Iamb iridely noed wbtb the follovriag books: Jonatban Grout's Guide to Praotioal 
Arithmetic, ISW ; Cnlab Alexander's New Sjatem of Arithmetic, 411)807, 1802 ; W. 
M, Finlay's Arithmetical Magazioe, or Mercantile Accountant, Kew York, 1803; 
Jamea Nojea'a Federal Arithmetic, 1804 ; the American 8 cliool-in aster's AxBiBtaDt, by 
Jesse Guthrie, of Keotuck;, Leiingtoo, 1804 ; Samoel Temple's System of ArithniBtic 
ill Federal Ciirrenoy, Boston, 1804 ; the Y-onth'a Arithmetical Guide, by Tandoa Ad- 
dington and Watson, Philadelphia, 1805; Mathematical Manual for tho Use of St, 
Mary's College of Baltimore, containing arithmetic and algebra, bf L,I. M, CheYi^ne, 
Baltimore, 1806; Kimber'a Arithmetic Made Easy for Children, aeeond edition, 1807; 
Ballard's Gauging Unmasked, 1806; Robert Fat teranu's Treatise on Arithmstio, Phil- 
ndeljihia, 1819; Daniel gtaniford'a Practical Arithmetic, Boston, 1818: Georjiie Feo- 
wick's Arithmetical Eaaay, Alexandria, ItilO; Compendium of Practical Arithmntie, 
bjrOsgondCarletoii, Boston, 1810; the American Arithmetic, by Oliver Welch of Nnw 
Hampahirn ; The Teacher's and Pnpii's Aaaiatnnt, by Dale Tweed of northern Now 
York, 1830; the Arlthmetio of Leonard LoomiB; The Colambian Tutor's Assistant, hf 
D-McCurdy, Washington, 1813; The First Lines of Arithmetic, 1818, by DeWolfftod 
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Between 1813 ant*. 1S20 a reform in mathetnatical teaching wa»iD- 
aagurated in tliia country. Foremost among tlie leaders in lliia new 
movement was Joun Farrsir of Harvuril, wiio translated into English 
for tLe use of colleges a namber of French works. The French books 
of that time were far in advance of the English, This reform in the 
teaching of tlie more advanced mathematics was accompanied by a 
similar reform in arithmetical teaching. The new ideas of Pcstalozzi 
were vigorously forcing their way from Switzerland to all parts of the 
civilized world. Among the earliest fruits tbcy bore in this conntry 
Wttre the First Lessons in Arithmetic, by Warren Coiburn, 1821. 
jirimer contained points of great excellence, and it had a sale suoh 
..0 other arithmetic ever had before. 

We do not now speak of these reforms, except simply for the purp( 
of marking the end of an old period and the beginning of a new one. 

Uaring enumerated the text-books published in the United States 
after the Revelation and preceding the year 1820, we shall now briefly 
examine their contents. The leading characteristics which we observed 
in Dilworth's School- master's Assistant, are found to exist in the books 
of this period. The arithmetics of this time were little more than Pan- 
dora's boxes of ill-formed rules to be committed to memory. Beason- 
ing was exiled Irom the realm of arithmetic, and memory was made to 
rule supreme. A science chiefly intended to cultivate the nnderstani 
int' was.ofFered to the exercise merely of memory. 

This banisbment of demonstration and worship of memory did nof, 
I am glad to say, originate in tbiscouutry. As already remarked, it 
came from England, Abont the middle of the seventeenth century 
there arose in England the commercial school of arithmeticians. To 
ibis school, saya De Morgan, " we owe the destraction of demonstrative 
arithmetic in this conntry, or rather tho prevention of its growth. It 
never was mach the habit of arithmeticians to prove their rales; and 
tho very word proof, in that science, never came to meau more than a 

BruwD, teachers iu Hiirt ford, Cono.; the Arithmetic of Zachariah Jeuof DelanBre(l); 
The Scholiir's Guido to Antbinetic, by Pllaehos Merrill of New Hitm[>shire ; Colleo- 
tiaft of Arilhiuetical TubloB, Hartfoid, 1613; Arithmetic SlmpliSed, ISlC. h; John J, 
White; and Tlie Yomh'H Gnide, by Moidecai Stewart, Baltimore, leiS; Ee». John 
White's Menlnl Arithmetic, Philadelphia, 1818 ( "Tho American Yonth: beioKaNew 
nnd Complete Conrao of Introdnolory Malbeinatiea : dosigued for the use of Private 
Students, by Conwider and John St«rry." Vol. 1, ProvidenoB. 

Bi^sldes these Auioriuan works there were a number of foreign books rDpnblished 
in this country. Among these are, The Tutor's QnidB, by CUmIos Vysa, London, 1770, 
which ri>ached tho thirteenth American edit,ion in Philadelphia in 1806; A Complete 
Treatieo ou Arithmetic, by Charies Huttoo, EdiDbargh, 1802, first American edition, 
New York, ISlOj A System of Practical Arithmetic, by Rev. J. Joice, London. 1816, 
and adapted to the commerce of the Untied States by J. Walker, Baltimore. 1819; 
The Scholar's Guide to Arithmetic, by John Bonoyu»Btle, London, 17S6, Philadclphift, 
1M18. These Euglish books oau hardly be Raid to have excelled our Amotlcau arilh- 
metics ; nor did tbey attain to any remarkable snacess in the New World. 
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test of the correctness of a particular operation, by reversing the pro- 
cess, casting oat the nines, or the like. As soon as t; ttention was faulj 
diverted to arithmetic for commercial purposes alone, such rational ap- 
plication as had been handed down from the writers of the siKteentii 
ceutary began to disappear, and was finally extinct in 'the work of 
Cocker or Hawkins, as I think I have shown reason for supposing it 
should be called. From this time beiran the finished school of teaehen, 
whose pupils ask, when a question is given, what rule it is in, and ran 
away, when they grow up, from any numerical statement, with the de^ 
laratiou that anything may be proved by figures — as it may, to them/* 
Such is the history of the commercial school of arithmeticians in Eng* 
land. In America this school became firmly established wherever 
arithmetic was taught. Thus the sins of the early English pedai^ogiies 
were visited upon the children in England and America ante the third 
and fourth generations. As late as 1818, one of our American oompilerB 
of text-books, Daniel Staniford^ actually stated in the prefiMse, as s 
recommendation to his book, that ^'all mathematical demonstrations 
are purposely omitted, to clear illustrations of the rules by easy exam- 
ples and such as tend to prepare the scholar for business." Kot only 
was this method adopted in practice, but even advocated in theory. In 
both Euglish and American arithmetics the rules were ill-arranged and 
disconnected. The pupil had to learn a dozen rules which might have 
been reduced conveniently to two or three principles. The continoitj 
in the reasouiiig upon .quantities expressed by integers and those ex- 
pressed in common or decimal fractions was often so completely dis- 
guised that it became necessary to repeat the rules. Thus Dilwortli 
and Bonnycastle give in their arithmetics three distinct rules, as fid- 
lows : 

Eule of three for integers. 

Eule of three for vulgar fractions. 

Eule of three for decimal fractions. 

Nicholas Pike, Daniel Staniford, and John Vinall each give '^Bnles rf 
interest," and later on again " Eules of interest by decimals.'* The re- 
sult of this cumbrous rule-system is that the scholar acquires the art of 
solving problems, provided he knows what rule it falls under, which is 
not always sure to be the case, for the first practical problem which will 
arise may be one requiring not one rule, but a combination of rules, 
which can therefore not be solved directly by the rules in his book* 
And here ho is fairly aground, for he has no mastery of principles, but is 
the abject slave of rules. Such a system of arithmetic has been very ap- 
propriately called cipheringy since intellect goes for nothing throughout. 

Among other features which characterize old American aiithmetics 
are the following: 

(1) The total absence of exercises in mental arithmetic. 



• AritUmotical Books, p. xxi. 
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(2) The meagre treatment of ftaetiona. The number of exercises was 
so very limited that it was impossible for tbe student to acquire a mas- 
tery of fractious witfaout additional drill. 

(3) Tbe process of "cancellation," which shortens calculations so 
much, was entirely unknown. Strange as it may seem, it is less than 
fifty years since cancellation was introduced into oar aritbmetioa. One 
of tbe first books containing this process was published in 1840 by C. 
Tracy, in New Haven, entiUed" A ITew System of Arithmetic, in which 
is explained and applied to practical purposes • • • the principle 
of cancelline. • • • " 

(4) The system of numeration id early American arithmetics was not 
the French now generally used, but the English, in which tbe dijfits of 
a number are distributed in periods of six, and consequently proceed by 
millions. This method was first adopted by the Italians. Lncas de 
Bnrgo gives it in a work written in 1494. The method of reckoning by 
three places, as used in this country and on tbe Continent, seems to 
have originated with the Spanish. 

(5) The subject which we now call proportion was then called the 
"Rule of Three." It was taught as a mere rule. The principle under- 
lying it was ignored completely. That a proportion lathe expression 
of the equality of two ratios was then not even hinted at. This fact 
goes to explain a point which otherwise wonid seem mysterious. If pro- 
portion is the equality of ratios, then why was not the usual symbol 
used to express that equality T Why were four dots used instead of the 
two horizontal lines! The answer seems to be that arithmeticians were ' 
not in thehabitof thinking of a proportion as the equality of two ratios. 
A ratio was expressed by two dots, and the four dots were placed be- 
tween the ratios simply to disjoint tbe terms, and to show that the sec- 
ond and third terms of the proportion were not in the same relation to 
each other as the first and second or third and fourth. 

(C) The old arithmetics contain two methods of solving problems 
which are bnt rarely given in modern arithmetics. The methods I re- 
fer to were first used by the Hiudooa on the far off banks of the Gauges, 
then borrowed from the Hindoos by the Arabs, who transmitted them 
to the Europeans. They are called the methods of "single position" 
and " double position." They teacL us how to resolve questions by 
making one or two suppositions of false numbers, and then making 
corrections for the resulting errors. 

We have seen that previous to the year 1S20 a large number of arith- 
metics were published in this country; counting both American and 
foreign, there were to our knowledge over sixty different authors. 
Notwithstanding this fact, the majority of schools had an inadequate 
anpply of arithmetics. In country schools especially, books were scarce 
and of a rather miscellaneous character, such as had been in families 
perhaps half a century. Johnnie Smith would, perhaps, bring to school 
a dilapidated oopy of Dilworth's Ari thmetic, which bad been used one© 
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by his father. His classmate, Billy Brown, wonld carry in his satchel 
a copy of Nicholas Pike's Abridged Arithmetic; the curly-headed 
Jimmy Jones would express his preference for Daboll's School-masters' 
Assistant, while the majority of the boys had no books at all. When- 
ever the sapply of arithmetics was insufficient, manuscript books were 
resort^ to. Arithmetics were sometimes covered with sheepskin, in 
the economical expectation that they might be made to lead not only 
one boy, but also his younger brothers in succession, to the golden sd- 
ence of numbers. 

We have now spoken of the most popular arithmetics once used in 
this country. We have also briefly examined their contents. Oar next 
task will be to ascertain, as far as possible, the manner in which arith- 
metic was taught in the school-room. 

One of the first inquiries in this connection is regarding the qnalitj 
of the teachers. The best teachers in elementary schools that oar fore- 
fathers knew were young students who taught school for money to 
finish their courses in theology, medicine, or law. But this class of 
school-teachers was not large in early days. The representative school- 
masters of by-gone times were the itinerant school-masters. They were 
mostly foreigners. Their qualifications seemed to be the inability to 
earn anything in any other way. They were generally without fiAinilifis 
and had no fixed residence; they kept school first in one place and 
then in another, and wandered about homeless. Many were given to 
drinking and gambling. As a class, their knowledge was limited to 
the merest elements. We are told that as late as 1822, in a town in 
the State of Connecticut, six out of fifteen applicants for positions as 
teachers were rejected because they did not understand notation and 
numeration of numbers. And yet these candidates came well recom- 
mended as having taught school acceptably in other towns for oqe, two^ 
or three winters. If this story be true, then it will not seem strange to 
hear that it was a common practice for teachers in those early days to 
have their scholars ^^skip" fractions. This omission was justified on 
the ground that " fractions were rarely used in business,'' but there weie 
generally other good and untold reasons for '^ skipping '^ the sabjedt. 
There were few schools that carried the students beyond the rale of 
three or proportion. 

We have seen the great defects in the old arithmetics. The state- 
ment of rules took the place of explanations and reasoning. If the 
school-masters had been competent and well trained, then the defects 
of bad books might have been remedied by skillful teaching, bat the 
teaching was generally of the poorest kind. The truth of this asser- 
tion will be strikingly illustrated by a few examples. Joseph T. Bnck- 
ingham tells us how, in 1790 or 1791, when he was about twelve years 
old, he began to learn arithmetic. I quote his exact words: "I told 
the master I wanted to learn to cipher. He set me a suin in simple ad- 
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dition, five coIumnB of lignrea and eix flgares in each coli^n. All tbe 
iastruction bo gave me was — add the figures in the first colunui, carry 
oue for every ten, and set tbe overplus down under tbe column. I sitp- 
XK>3ed he meant by the first colnmn tbe left-band eolumu, but what he 
meant by carrying one for every ten waa as mncb a mystery as 8am- 
Bon's riddle was to the Phihstinea. I worried my brains an honr or 
two, and showed tbe master the flgarea I had made. Yon may judge 
what tbe amount waa when tbe columns were added from left to right. 
The master frowned and repeated Lis former instruction — add ap the 
eolumu on the right, carry one for every ten, and set down the remainder. 
Two or three afternoons (I did not go to school in tbe morning) were 
spent in this way wben I begged to be excnsed from learning to cipber, 
and tbe old gentleman with whom I lived thought it waa time wasted; 
and if I attended the ecbool any further at that time reading, apelliog, 
and a little writing were all that waa taught." Next winter a more 
communicative teacher had tbe school, " and under him some progress 
was made in arithmetic, and I made tolerable acquisition in tbe first 
four rules, accortling to Dilworth's School- master's Assistant, of which 
the teacher and one of the oldest boys had a copy." 

Ad experience similar to that of tbe writer just quoted waa that o( 
Warren Eurtx)u. In bis book entitled "The District School as it was, 
by one who went to it," he says that simple addition was easy ; " bnt 
tbero was oue thing I oonld not nnderstand — that carrying of tens. It 
was absolutely necessary, I perceived, ia order to got the right answer, 
yet it was a mystery which that arithmetical oracle, our school-master, 
did not see fit to esplaln. It is possible that it was a mystery to bim. 
Tbeu came subtraction ; the borrowing of t«n was another unaccoont- 
ftble operation. The reason seemed to be then at tbo very bottom of 
the well of science ; and there it remained for that winter, for no friendly 
bucket brongbt it up to my reach," 

Mr. William B. Fowie gives au interesting acconnt of John Tileston, 
who waachief writing-master in a reading school in Boston about the 
year 17dO. It illustrates both the modes of teaching and the compe- 
tency of teachera. One regnlation of that school required the writing- 
master to teach" writiug, arithmetic, and tbe branches asually taught 
in town schools, including vulgar aud decimal fractions." Mr. FowIe 
epeaks of Tileston as follows : • 

" Ee loved routine. • • • Printed arithmetics were not used in 
the Boston sobools nutil after tbo writer left iheni, and the custom was 
for tbe master to write a problem or two in the manuscript of tbe pupil 
every other day, So boy was allowed to cipber till he was eleven years 
old, and writing and ciphering were never performed ou Ibc same day. 
Master Tileston had thus been taught by Master Proctor [his predeces- 
Bor|, and all the sums be setfor his pupils were copied exactlyfrora his 

' Bunud'i Joanutl, Vol. T, 5. 3». 
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old manuscript. Any boy coald copy tbe work from the manuscript of 
any other farther advanced than himself, and the writer never heard of 
any explanation of any principle of arithmetic while he was at school 
Indeed, the pupils believed that the master could not do the Boms he 
set for them. * * * It is said that a boy who had done the sam 
set for him by Master Tileston carried it np, as nsual, for examination. 
The old gentleman, as nsaal, took out his manuscript, compared the 
slate with it, and prononnced it wrong. The boy went to his seat and 
reviewed his work, but finding no error in it, returned to the desk, and 
asked Mr. Tileston to be good enough to examine the work, for he could 
find no error in it. This was too much to require of him. He growled, 
as his habit was when displeased, but he compared the sums again, and 
at last, with a triumphant smile, exclaimed, ' See here, you nurly (gnarly) 
wretch, yon have got it, *^ If four tons of hay cost so much, what will 
seven tons cost f " when it should be, '^ If four tons of English hay 
cost so and so." Now go and do it all over again.'" In this story, it 
may be remarked, some allowance must doubtless be made for the 
genius of the narrator. 

The illustrations which have been given of the incompetency of 
teachers may appear to be exaggerations, and we certainly wish that 
for the good name of our early educators they were exaggerationst 
But the more we inquire into this subject and the more evidence we 
accumulate, the stronger the conviction becomes that most of them are 
not exaggerations, but fair samples of the teaching done by the aver- 
age school-master In elementary schools eighty or one hundred years 
ago. 

In view of these facts, the most obstinate pessimist will be forced to 
admit that, within the last one hundred years, progress has been made. 
We have better books and abler teachers. Our methods of teaching 
arithmetic, though still imperfect, are a prodigious leap in advance ^ 
those of olden times. We boast of our material progress, and we 
certainly have great reason for doing so, but the progress in intellect- 
ual fields, and in education in particular, though less ostentatiouAi is 
none the less instructive. 

iNot without interest are the following two stanzas of a poem, en- 
titled " A Country School," which was anonymously contributed to the 
New Hampshire Spy, and preserved in E. H. Smith's collection of 
American poems (1793) : 

Will pray Sir Master mend my pen t 

Say, Master, that's enough. Ilere, Ben« 

Is this your copy t Can't you tell T 

Set aU your letters parallel. 

Pre done my sum — His just a groai — 

Let's see it. MasUr, m' / g^out f 

Yes, bring some wood m. What's that noise t 

/( isnH I, eir, iVa them boys. 
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Como Billf, roa<l. Wbat'sttiutt Thai's A— 

Sir, Jim fta* titaieh'd my rait oicnj— 

Eetorn it, Jniuea. H^ie ralo milh Ihia — 

Bitly, redil on— tlmt's orooke<! S. 

Re.td ill tlie spelliu);-book . Begin— 

The hoyt are out. TUen call tbam in — 

My nott bleaii, wayn't / gtt tome ioti 

AHd hold U in my brtcthtit Yes. 

Jolin, kcc}i your malt, ify luni ia more — 

Then ilo't agaiD — divide by four, 

By tirelve, nnd tnent;— mind tb« rale. 

Savr Rpeak, Mannasfli, rhiI spell tool. 

I can't. Welllrj. T, W, L.. 

Not wafih'il yoor haDiis yut, bootiy, Uat 

Vuii ba<l jour orilcrB yesterduy. 

Givn mrs thn ferula, tioUl yonr band, 

Oh! Ok/ Ibore — mind my next couiiuanai 

Colleges. 

Before procficding to the bistory of matliematies in lirRlicr inst 
Tce sball speak of American reprinla of EDglish mat!ieiiiaticiil works for* 
colleges. First of all comes tliat gootl old Greek geometry of Euclid, 
of which the English made excellcDt translations. An editiou of Euclid 
appeared in Worcester in 1781. Thiaseemsto be theearliest American 
edition. After the beginning of this centnry numeroas editions of it 
were published. In 1803, Tbomaa and George Palmer, in Philadelphia, 
published Robert Simson's Euclid, together with the book of Euclid's 
Data, and the Elementsof Plane and Spherical Trigonometry. The book 
was sold " at the book-stores ia Philadelphia, Baltimore, Washington, 
Petersburg, and Norfolk." 

Prof. 9. Webber says, in his " Mathematics," that a good American 
edition of Playfair'a Elements of Euclid, containing the first sis books, 
with two books on the geometry of solids, was given by Mr, P. Nicbolls, 
of Philadelphia, 180i!, John D. Craig, teacher of mathematics in Balti- 
more, brought out an edition of Euclid in 1818. Bobert Simson's Eu- 
clid was republished in Philadelphia in 1821 ; Playfair's in Few York 
in 1810 and 1824, and in Philadelphia in 181^0. In 1822 appeared the 
following work : " Euclid's Elements of Geometry, the first six books, to 
which are added the Elements of Plane and Spherical Trigonometry, a 
System of Conic Sections, Elements of Natural Philosophy as far as it 
relates to Astronomy, according to the Newtonian System, and Elements 
of Astronomy, with notes by Rev. John Allen, A. M., professor of mathe- 
matics at the University of Maryland." John D. Craig, in a notice of 
this book, says that Newton's work at this day is "almost a locked 
treasure among as," owing to the " scarcity of tracts giving the necessary 
preparatory knowledge." The object of this volume was to supply that 
want. 

An English matlieniBticiAii, whose works found thew "r^"] *r,\w«». '^•fc 
I, ocean, was John Bounjcastle, professor ot iiiai.v\i6m«.*a'ia ■a.x. 'OiR. "^■s^'S^ 

I i 
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Military Academy, Woolwich. His Introdaction to Algebra (London, 
1782) was revised aud edited in this country by James Byan in 1822. 
Bounycastle was a teacher of rales rather than principles. 

An Euglish author well-known in this country was Thomas SimpsoD. 
His Treatise on Algebra was published in Philadelphia in 1809. The 
second American from the eighth English edition^ revised by David 
McClure, teacher of mathematics, came out in Philadelphia in 182L 
As was frequently the case in those days, all demonstrations are hen 
given by themselvea in the manner of notes placed below a horizontal'! 
line on the page. They could be taken or omitted by teacher and pupil 
at pleasure, and were generally omitted. The author's explanations 
and demonstrations wanted simplicity, and we need not wonder if they 
were ^^ looked upon, by some, as rather tending to throw new difficulties 
in the way of the learner than to the facilitating of his progress." 

Another English algebra reprinted here was that of B. Bridge, fellow 
of St. Peter's College, Cambridge (second American edition from 
eleventh London, Philadelphia, 1839). We are informed that this wort 
was introduced into the University of Pennsylvania, the Western Uni- 
versity, Pittsburg, in Gummere's School at Burlington, the Friends' 
College at Haverford, and << a great number of the best schools in the 
United States." The Three Conic Sections, by the same author, was 
also patronized by some of our colleges. This subject was here treated 
purely synthetically, as was the case also in Robert Simson's Conic 
Sections, reprinted here in 1809 (f ), and in all other Euglish treatises of 
that time. Analytic methods, which proved so powerful in the haudd 
of mathematicians on the Continent, were still underrated in Eu|;land. 
The exclusive adherence to the synthetic method was due to an exces- 
sive worship of the views of Newton, who favored synthesis and em* 
ployed it throughout his Principia. 

We next mention Bev. Samuel Yince's Fluxions, printed in Philadel- 
phia in 1812, or about twenty years after its first appearance in Sing- 
land. This seems to be the only work devoted exclusively to fluxions 
which was ever published in this country. Before the introduction of 
the Leibnitzian notation it was the text-book most generally naed in 
our colleges, whenever fluxions were taught. An edition of Vince^ 
Astronomy came out in Philadelphia in 1817. Of his other works, his 
'* Conic Sections, as preparatory to the reading of Newton's Principia,*' 
was best known in America. Vince held the position of Plumian i>ro- 
fessor of astronomy and experimental philosophy in the University of 
Cambridge, England. His works generally lacked elegance, and failed 
to teach the more modern and improved forms of the mathematical 
science. 

More prominent than any of the Euglish authors here mentioned was 
Charles Hutton. His Course of Mathematics was edited in America 
by Bobert Adrain, and will be spoken of again later. 
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HABTABD OOLLBQE. ^^M 

It lias already been stated that the chair of mathpmatica and natural ^^H 
liuilosophy at Harvard waa occapied from 1779 to 17S8 hy Rev. Sainael 
Williams, a pupil of John Winthrop. Williams wrote manuscript books 
on astronomy, mathematics, aud philosophy. His mathematical mana- 
scripta were probably studied in plai» of Ward's Mathematics, which 
bad been used by bis predecessor, John Winthrop. We possess haMlj 
any informatioa on the mathematical instruction duriugbis time. The 
following is taken from the diary of a student who, in 17S0, applied for 
a«lmission to the third term of the Junior year: " Mr. AVilliarus asked 
mo if 1 had studied Euclid and arithmetic."* This question having 
been answered, apparently, in the affirmative, be was admitted. From 
this it would seem that at that time Euclid p.nd arithmetic were the 
only mathematical stndics pursued previous to the close of the Junior 
year. The fourth year, says Amory, seems to have been principally 
occupied iu the study of mathematics. From a quotation givcu by 
Amory, we infer that algebra was a college study at this time. It had 
probably been so dnring tbe last fifty years, but we possess no data 
from which this could bo positively al&rmed. 

A ray of light upon the inner workings of the college is thrown by 
quotations from tbe diary of a student who was at Harvard in 1786. 
They show that the tutors of tbe college failed to command the esteem 
and respect of the students. Complaints were mtule that the Greek 
tutor was too young. "Before he took bis second degree, which was 
last commencement, he was chosen a tutor of mathematics, in which bo 
betrayed bis ignorance often." Of another tutor it is remarked : " We re- 
cite this week to our own tutor in Gravesand's Experimental Thilosophy. 
This gentleman is not much more popular than the rest of the tutors.'' 
Whoever bas observed the freedom with wbieb college boys speak of 
their instructors, kuows that statements like these must be taken with 
some allowance. Bnt the practice alluded to above, of selecting grad- 
nates who bad excelled mainly In classical studies as tutors in math- 
ematics, seems absurd. And yet it is well known that this custom was 
continued even iu some of our best colleges down to a comparatively 
recent date. The objections to the custom which existed at Harvard 
previous to 17C7 are still more obvious. In tbe early days of Harvard 
each tutor taught all branches to the class assigned to him, throughout 
the whole collegiate course. But in 1767 the rule was introduced that 
one tutor should not teach all tbe subjects, but only owe subject, such _« 
as Greek; another tutor should have Latin; another mathematics, ^H 
physics, natural philosophy, etc. V^ 

In 1780 Samuel Williams was succeeded in the professorship of — ■ 
mathematics and natural philosophy by Samuel Webber, Webber en- 
gaged, while a boy, in agricultural pursuits, and at the advanced age of 
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twenty, in 1780, he entered Harvard College. After graduating he r^ 
mained two years at the college, studying 'theology. He then held a 
tutorship till his appointment to the Eollis professorship, in whidi 
office he spent seventeen of the most important years of his life. Li 
1806 he was elected president of Harvard. He occupied this position 
till his death, in 1810. Henry Ware, in his eulogy of Webber, says: 
'^ As a scholar his attainments were substantial, embracing varions 
branches of learning, but, mathematical science being most congenial 
to his taste and habits, he quitted his professorship for the presideocf 
with reluctance. In communicating instruction, he united patience and 
facility with a thorough acquaintance with his subject." Edward Etot- 
ett, who was a student at Harvard in Webber's time, makes a some- 
what different estimate of him, saying that Webber was ** repnted i 
sound mathematician of the old school, but rather too mach given to 
routine."* In another place, Everett speaks of him in the same way ai 
" a person of tradition and routine." Judge Story says of him, " Pro- 
fessor Webber was modest, mild, and quiet, but unconquerably reserved 
and staid ."t 

In 1787, just before Samuel Webber was elected professor, the come 
of studies at Harvard was revised, with a view of raising the standard 
of learning. According to the new scheme, the classics <* formed the 
principal study during the first three college years. The Freehmea 
were instructed, also, in rhetoric, the art of speaking, and arithmetie; 
the Sophomores in algebra^ and other branches of mathematios ; die 
Juniors in Livy, Doddridge's Lectures, and once a week, the Greek Te^ 
tament ; the Seniors in logic, metaphysics, and ethics."| 

The elementary mathematics were now studied in the first half of the 
college course instead of the second half. The Freshmen and Sopho- 
mores now began taking mathematics, though, we fear, only in iuQffeot- 
nal homoeopathic doses. If arithmetic was begun in the Freshman year, 
then we may be sure that no very extensive course could have been 
given before the close of the Sophomore year. According to Jadge 
Story, Saunderson's Algebra was used in 1705 or 1796. The original 
work of this blind mathematician was extensive, and in two volames. 
The book used at Harvard consisted most likely of << Selected parts of 
Professor Saunderson's Elements of Algebra," published in one vol- 
ume.§ 

W. Williams, a classmate of Channing (class of 1798), says : *' The 
Sophomore year gave us Euclid to measure our strength. Many halted 
at the ^pons asinorum.^ But Ohanning could go over clear at the first 
trial, as could some twelve or fifteen of us. This fact is stated to show 
that he had a mind able to comprehend the abstrusities of mathematica, 

• Old Cambridge and New. Vol. IV, p. 199. 

t Memoir of W. E. Channing, by W. F. Channing, fonrth ed., 1850, Vol. I, p. 47. 

X QaiDcy's History of Harvard University, Vol. II, p. 279. 

$ Third edition, London, 1771. 
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tOngh, to my nppreheDsioa, he excelled more decidedly in the Latia* 
bd Greek claasics, aud Lad a Btronger inclination to polite literature.'" 
^c are, moreover, told of Chatiuiiig : " lie delighted, too, in f;eom- 
■y, aud felt ao rare a pleasure iu the perceptiou of its demonstratiooB 
e took the fifth book of Enclid with him as an entertainment dnr- 
j' one vacation." Such experiences are freqnent with a student of 
ISvanced mathematics, but, unfortnuately, too rare with pupils study- 
fig the elements. 

I If the course given by Quipcy be Biipposed complete, then no matbe> 
»tic8 wan studied after the Sophomore year. This waa probably not 
; it oertainly was not true ten years later. In 1797, at leaat some 
T the stndents pursued tho more ailvaneed nintbematics dnriug the 
latter part of the college course. A glimpse of light on this subject is 
' tbrowu by the following quotation from the eulogy of John Pickering: 
" Great as was his enthnsiasm for classical learuiug, he had in college 
as real a love for the study of maChematicB, and highly distinguished 
himself in this department. Near the close of his Senior year he re- 
ceived the honor of a mathematical part, which appeared to give him 
more pleasure than all bin other college honors. It affoi-ded him an 
opportunity to manifest his profound eoholarship in a manner most 
agreeable to his feelings. When he bad delivered the corporation and 
overseers this part, containing solutions of problema by fluxions, he 
had the rare satisfaction to be told that one of them was more elegant 
than the solution of the great Simpson, who wrote a treatise on flux- 
ions, in which the same problem was solved by him." It follows fron 
this that provisions were made for the study of fluxions, at least for 
students who may have desired to stndy them. 

Of the mathematical theses, written by Juniors and Seniors, which 
have been deposited in the Harvard Ijibrary, one hnndted and thirty- 
three were written during the period from 1781 to 1807. Of these, the 
-great majority are on the calculation and projection of eclipses. Sur- 
veying and the algebraic solution of problems receive also a large 
amount of attention. Of the one hundred and thirty-three theses only 
seven show by their titles that they contain "fluxionary problems." Their 
dates are, 179C, 1803 (two), 1804, and 1806 (three). After 1807, theses 
containing solutions of problems on fluxions arc quite nnmcrons. It 
may be of interest to state that John Farrar, the future professor of 
mathematics at Harvard, wrote in 1803 a thesis on tho "Calculation 
aud Projection of a Solar Eclipse." James Savage, tho great authority 
on American genealogy, furnished a colored view of churches and col- 
lege buildings; Everett, thediplomatist, a colored " Templi Epiacopalia 
Delincafio Pcrspectiva," One thesis is on the "Calculation and Pro- 
jection of a Solar Eclipse which took place iu the year of the Ornci- 
fixion."^ 

* Biographical Contributions of tli8 Lilirftry of Harvard DDivetaitr, No, 32, 
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In 1802 the standard for admission to Harvard College was raised 
. In mathematics a knowledge of Arithmetic to the ^' Bale of Three " wu 
required. Thus, in 1803, for the first time hacl it become necessary, ac- 
cording to regulations, for a boy to know something aboat arithmetie 
before he could enter Harvard. We snrmise, however, that the reqain- 
ments in arithmetic were very light, for we know from the diary of a 
student in the Freshman class in 1807 that arithmetic oontinaed to be 
taught during the first year at college.* After 1816 the whole of arith- 
metic was required for admission. 

From the beginning of the nineteenth century on, we can f^et moic 
definite informatiom regarding the extent to which the mathematici 
studies were pursued. We need only examine the college text-boota 
which began then to be printed in this country. The earliest mathematical 
text-books for colleges, written by an American author, are those of Sam- 
uel Webber. In 1801 were published in two volumes his ^^ Matbematiea, 
compiled from the best authors and intended to be a text-book of the 
course of private lectures on these sciences in the University of Gam- 
bridge." A second edition appeared 1808. These works were fori 
time almost exclusively used in New England colleges, but they flnalff 
gave place to translations from French works, executed by John Fa^ 
rar, the successor of Webber in the professorship of mathematics. 

Within two volumes, each of 460 pages and in large print| are ea-j 
braced the following subjects : arithmetic, logarithms, algebra, geome'! 
try, plane trigonometry, mensuration of surfaces, mensuration of solidi, 
gauging, heights and distances, surveying, navigation, conic sectioiU) 
dialing, spherical geometry, and spherical trigonometry. Some idea o(| 
the extent to which each branch of mathematics was carried may be ob- 
tained, if we state that in Webber's works 124 pages were given to 
algebra, while Newcomb's Algebra, for instance, numbers 645 pagei 
The subject of conic sections was disposed of by Webber within 68 short 
pages, while Wentworth's Analytic Geometry covers 273 crowded pageii 
Comparatively much space was given by Webber to the applications of 
mathematics, such as gauging, heights and distances, surveying, navi- 
gation, and dialing. These practical subjects received much more at* 
tention then than they are now receiving in the academic department in 
the majority of our colleges. Webber devotes only 47 pages to the im- 
portant and extensive subject of geometry, and gives solutions of geo^ 
metrical problems, but no theorems. This apparent neglect of the oldest 
and most beautiful of mathematical sciences is explained by Webber in 
the second edition of his work. In a foot-note (p. 33D) he says that '*A 
tutor teaches, in Harvard Oollege, Playfair's Elements of Georoetryi oon- 
taining the first six books of Euclid, with two books on the geometry of 
solids. Of this work Mr. F. Kichols, of Philadelphia, has given a good 
American edition ^ (1806). Webber's chapter on geometry was, there- 
fore, intended simply as a book with problems to accompany or 
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follow Euctid. If the course in elementary geometry waa tauglit as bere 
indicated, then it can lianlly be said that this subject was neglected. 
"Wherever Euclid is diligently studied, there geometry is not slighted. 

Of John Farrar, the successor of Webber in the chair of matbematica 
and uatuml philosophy, we shall speak when we consider the iuHux of 
Freucb inutheuiatics into the United States. 

Before leaving Harvard College we shall quote two short passages 
talienfroiu the Harvard Lyceum. This journal was a publication by the 
students, and was the earliest of that kind at this college. The quota- 
tions about to be given disclose an effort to arouse interest among stu- 
dents in matheniatloal studies. In the first pnmber, which appeared 
July 14, 1810, we read as follows: "The dry field of mathematics has 
brought forth most ingenious and elegant essays, most carious and en- 
tertaining problems. It is oni' wish to constructor select such ques- 
tions in their various branches as may exercise the skill of our corres- 
pondeitts in their solution." This promise was not strictly kept. 
Malbematical enthusiasm could not be aroused quite so easily. There 
la to be found, to bo sure, an ingenious essay on mathematical learning, 
presumably written by a Sophomore, in which we read : " Perhaps iio 
science has been so universally decried by the overweeningly dull as the 
mathemiitics. Superficial dabblers in science, contented to float in 
doubts and chimeras, and unable to see the advantage of demonstra- 
ble truth, turn buck before they have passed the narrow path which 
lends to the firm ground of mathematical certainty, aud not willing to 
have others more successful than themselves, like the Jewish spies, 
they endeavor to deter them from the way by horrid stories of giant 
spectres in the promised land of demonstration, aud scarcely a Ualeb 
is found to render a true account of its beauties." But the Jewish spies 
were too eloquent, and there wa^ no Caleb to furnish curious and euter- 
taiuiog problems.* 

TALE OOLLEO-E. 

The chair of mathematics aud natural philosophy at Tale College 
was established in 17T0. Its fir-st incnmbeut was Hebemiah Strong, 
who occupied it till 1781. In 1794 Josias Meigs was appointed to the 
position. Meigs was graduated at Yale in 1778, and served as tutor in 
matliematics, natural philosophy, and astronomy, from 1781 to 1784. 
In 1783 he was admitted to the bar, and some years later practiced in 
Bermuda. He appeared as a defender of American vessels that were 
captured by British privateers, and was, in consequence, tried f'lr 
treason. He was professor at Yale until 1801, teaching mathematics, 
natural philosophy, and chemistry.f He then became president of t'le 

' The Harvard Book, by F. O. Vaille nnd H. A. Clark, Vol. U, p. 174. 

tPror. Beujamja SlUiliiiui (cliksa of 1796) aays, that oa November 4, 1795, "Mr. 
Mei|;B heard the cla&i recite at noon, aa Dr. Dni^ht is ont n( tnvin. AltlioitK'' Mr. 
Meigs i« a vnrj seiiaible man and very well calculated for tUe offl.'a. 'R'Q\t\v \io-a*.-B 
fills, still it is verj easjto maks a contrast \iet'«6fcn\i\niMviVQft'5^e»^*i«^'^'^'-L"*'°-'^'^^'™' 



62 TEACHINa AND HISTOBY OF MATHEMATICS. 

University of (reorgia. In 1813 be was appointed Rnrveyor-f^eneral, and 
two years later, Commissioner of the General Laud Oilice of the United 
States. 

An important event at this period was the growth, among stadents, 
of a love for rhetoric and literature. English literature had hitherto 
been quite neglected. A taste for this study was excited by two yonnj; 
men, John Trumbull and Timothy D wight, who were elected tutors in 
1771. John Trumbull published, during the first year of his tatOTBhip, 
a poem entitled the '' Progress of Duluess," a satire, intended to ezpoie 
the absurdities then prevailing in the system of college instnictioiL 
Ancient languages, mathematics, logic, and divinity received, in hit 
opinion, an altogether disproportionate amount of time. In his poemit 
he introduces ^< Dick Hairbrain,'' a town fop, ridiculoos in drees and 
empty of knowledge, and speaks of him as follows: 

'' What though in algebra, bis station 
Was negative in eacb equation; 
Though in astronomy surveyed, 
His constant course was retrograde; 
O'er Newton's system thougb be sleeps, 
And finds bis wits in dark eclipse! 
His talents proved of bigbest price 
At all tbe arts of card and dice ; 
His genius turn'd with greatest skill, 
To wbist, loo, cribbage, and quadrille, 
And taugbtt to every rival's sliamOy 
• Each nice distinction of the game." 

Timothy DwighPs love for literature did not entirely displace his in- 
terest for mathematics. On the contrary, we read in a life of him by 
his son that, ^^ In addition to the customary mathematical stadieSy ha 
carried them [his students] through spherics and fluxions, and went ai 
far as any of them would accompany him into the Principia of New- 
ton.'' " This, however, must have been a very rare thing," says Presi- 
dent Woolsey. Dwight was tutor at the college for six years. To ex- 
hibit his continued interest in mathematics during that time we quote 
from the biography of him the following passage: '^At a subseqaent 
period, during his residence in college as a tutor, ho engaged deeply in 
the study of the higher branches of the mathematics. AmoDg the 
treatises on this science to which his attention was directed, was New- 
ton's Principia, which he studied with the utmost care and attention, 
and demonstrated, in course, all but two of the propositions in that 
profound and elaborate work. This difficult but delightful scienoOi in 
which the mind is always guided by certainty in its discovery of truth, 
so fully engrossed his attention and his thoughts that, for a time, he 

doubtful whotlicr the comparison is not a false ono, because tho president ia one of 
those charaetcrs wliicli we very seldom meet with in tho world, and who form ito 
greatest ornaments." (Haniard's Educational Journal, vol. 23, 1:570, luteruatlonal 
Series, vol. 1, p. 230.) 
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Kt even bts relish for poetry ; and it was not withoat diffiaulty Qiat 

B foniiuess for it was recoverod," 
I It will be remembered that tbo Mathematics of Ward had beea Intro- 
paced before the Revolution. In 17Sd Nicholas Pike's arithmetic was 
rfopted. Soon after 1801 Samuel Webber's Mathematica disi>lace<f the 
^orks [irevioiisly nse<l, excepting Eaclid, which was presumably used 
Iflnring thia whole period as the text-book in geometry. At about the 
Kgiiining of this century the mathematical coarse was as foUowy: 

reshmen, Webber's Mathematics; Sophomores, Webber's Mathematics 
md Euclid'a Elements; Juniors, Enfield's ffatnral Philosophy aud As- 

■onomy, and Yince's Elusions; Seniors, natural philosophy aud as- 
FDUomy. 

A strong impetus to the study of mathematics in American coUeges 
iras given by Jeremiah Day. He graduated tVom Yale in 1795, became 
I tutor there in 1798, and was elected professor of mathematics and nat- 
ural philosophy in 1801. Feeble health prevented him from entering 
npon the duties of bis professorship till 1803; but after that he con- 
tinued in them till 1817, when he succeeded President Dwight in the 
presidency of the college. The chaii- was then given to Alexander Met- 
calf Fisher. 

At the beginning of this centnry the great want of this country in 
tbo department of pure mathematics was adequate text-books. Pro- 
fessor Wc'bber, of Harvard, was the first who attempted to supply this 
want. In those colleges in which a single system of mathematics had 
been adopted, preference was generally given to the " Mathematics " of 
Webber. But bis compilation was rather imperfectly adapted to the 
purposes for which itwasmade. It 'nasuolsufflciently copious. Many 
topics, though strictly elementary and practically important, were 
passed over in silence. The method of treatment was too involved and 
the style not sufficiently clear to make the subject attractive to the 
young student. Accordingly Professor Day set himself to work to 
write a series of books which should supply more adequately the needs 
of American colleges. In 1814 appeared his Algebra, and his Mensura- 
tion of Superficies aud Solids, in 1815 his Plane Trigonometry, aud in 
1817 his Navigation and Surveying. Itwastheoriginalintentionof the 
author to prepare also elementary treatises on conic sections, spherics, 
and flnsions, but on his elevation to the presidency he abandoned this 
design. His Algebra passed throngli numerous editions, the latest of 
which was issued in 1853, by the joint labors of himself and Professor 
Stanley. 

Day's books are very elementary, and introduce the student by 
and gradual steps to the first principles of the respective brand 
To ns of to day, they appear too eleoieutary for college use, but it must 
not be forgotten that at the time they were prepared, they were jusl 
what was needfd to meet the demands of the times. Students apply 
ing for matriculation io those days Ua,dcticevvfcvi-^CT"s i.ft^fctiCvN(i\.^'c^'! 
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tory traiDing, especially in mathematics. With sach an wronfftat mats- 
rial before him, it was nataral for the teacher to show'his prefereiue 
for a text-book in which every process of development and reasoning 
was worked oat patiently and minately throagh all its saooesaive 8tep& 
Day took for a model the diffuse manner of Euler and Laoroix, rather 
than the concise and abridged mode of the English writers. Thegrait 
danger in this coarse is that no obstacle^ are left to be removed by the 
stadent throagh his own exertion. In the opinion of some teacheri) 
Day has laid himself open to criticism by carrying the principle of mak- 
ing mathematics easy somewhat too far. It is no little praise for a book 
written at that time to say that, anlike most books of that period, 
Day's mathematics did not eucoarage the cramming of rales or the per- 
forming of operations blindly. On the contrary, the diligent stadent 
acquired from them a rational nnderstanding of the snbject. 

Day's mathematics were at once everywhere received with eager 
ness. They were introduced in nearly all our colleges. Even at 
the end of a period of fifty years they still held their plaoe in maoy 
of our schools. In view of these facts, " it may safely be said that thi 
value of what their author did by means of them for the college andfiir 
the country at large, while holding the office of professor from 1803 te 
1817, the time when he succeeded Dr. Dwight, was not surpassed bj 
anything in science and literature which he did subseqaently during ^ 
his long term of office as president of the college."* 

As a teacher and writer, President Day was distinguished for the 
simplicity and clearness of his methods of illustration. His kind- 
heartedness and urbanity of demeanor secured the love and respect 
both of friends and pupils. 

He was succeeded in the chair of mathematics and natural philosophj 
by Alexander Metcalf Fisher, who held it until his death by drowning 
in 1822, at the shipwreck of the Albion^ off the Irish coast. Fisher 
possessed extraordiuary natural aptitudes for learning. He iiad pre- 
pared a full course of lectures in natural philosophy, both theoretieal 
and experimental, which were marked for their copiousness an^ thdr 
exact adaptation to the purpose of instruction. His clear coneeptioQ 
of what a text-book should be is well shown in his review of Bufleidh 
Philosophy.t 

Begarding the course in natural philosophy at Yale, it may be re- 
marked, that in 1788 Martin's Philosophy, which had gone out of print) 
was succeeded by Enfield's Natural Philosophy, first published in 1783. 
William Enfield was a prominent English dissenter. He preached in 



• Yalo College: A Sketch of its History, by William Kingsley, Vol. I, p. 115. 

t American Journal of Science, Vol. Ill, 1821, p. 125. In Vol. V, p. 83, of the 
jonruiil, is an article by him, ''On Maxima and Minima of Functions of Two 
Quantities." He contributed solutions to questions in the American Monthly Magik 
zinc, and in Lc\vbourn's Mathematical Repository (London). The fourth volaine of 
the Memoirs of the American Academy of Arts and Sciences contains obserTations bj 
him on the comet of 1819 and calculations of ita oxbit. 
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TTnitariau chiirobes and (mblislied several voluraes of sermous. Beii 
engaged cIiicHy iu ttieolofiical studies, comparatively little attention 
waa paid by hiui to tlie exact sciences. Nevertheless, he succeeded in 
compiling a work on natural pbilosopby which possessed elements of 
popularity and was used iu r»nr American colleges for four decennia. In 
1820 appeared the third American edition of this work, which was 
then used by nearly all the seminaries of learning in New Englaud, 
notwithstanding the fact that, excepting in electricity and maguetian 
and a few particulars in astronomy, it presented hardly any ideaoC, 
the progress made in the different branches of philosopby 
period of Newton, 

UNIVERSITY OP PENNSYLVANIA. 

The University of Pennsylvania, which bad such a remarkable growth 
under the administration of Dr. William Smith, before the BevolutioB- 
ary War, bad a comparatively small attendance of students after 
^ar, and the college departmeut is said to have been quite iuferior 
that of the leading American colleges of that time. 

An educator who was long and prominently connected with this in- 
stitution and whose activity waadirected towards maintaining and rais- 
ing its standard, was Robert Patterson, the elder. He was born in 
1713 in Ireland, and at an early age showed a fondness for mathematics. 
In IT&j he emigrated to Philadelphia, He Qrst tanght school in Buck- 
ingham, and one of his first scbolars waa Andrew Ellicott, who after- 
ward became celebrated for his matbematiciil knowledge displayed 
the service of the United States. 

About this time Maskelyne, the nstronomcr royal of Eugland, com* 
piled and pnblished regularly the Nauticsrt Almanac. This turned the 
attention of the principal navigators In American ports to the calcula- 
tions of longitude from lunar observations, in which they were eager to 
obtain instruction. Patterson removed to Philadelphia, began giving 
instruction on this subject, and soon had for his scholars the most dis- 
tinguished commanders who sailed from this port. Afteward he be- 
came principal of the Wilmington Aca<lemy, Delaware, and in 1779 
was appoiuted professor of mathematics and natural philosophy at the 
University of Pennsylvania, which post he filled for thirtj-five years. 
He was also elected vice-provost of that institution." 

Robert Patterson communicated several acientiHc papers to the Phil* 
osophical Transactions (Vols. II, III, and IV), and was a frequent coi 
tributor of problems and solutions to mathematical journals. He ed- 
ited James Ferguson's Lectures on Mechanics (1806), and also Fergu- 
son's "Astronomy explained upon Sir Isaac Newton's principles and 
made easy to those wbo have not studied mathematics" (1809). Fer- 

• Tra 08(10 1 ions of Aid eric an PhiloHnpbical Sociely, Vul. II, Now Series, Obituary 
Notice of BobertPattereoo, LL. D., late PrwideDt of the Amet)<miLL>bU!;i«»-Q'a\.'u^%s>> 
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gason was a celebrated lectnrer on astronom3( and mechanics in Eng- 
land, who contributed more tban perhaps any other man there to the 
extension of physical science anionic all classes of society, bat especially 
among that largest class whose circumstances preclude them from i 
regular course of scientific instruction. Uis influence was strongly felt 
even in this country; as is seen fpom the-Americau editions by Bobeit 
Patterson of his astronomy and mechanics. Patterson wrote a small 
astronomy, entitled. the Newtonian System, which was published in 
1808. Ten years later he published an arithmetic, elaborated from hii 
owu written compeuds, previously used in the University. Though 
lucid and ingenious, this arithmetic was rather difficult for beginnen^ 
and never reached an extended circulation. 

It is believed by many that mathematicians generally possess a strong 
memory for numbers. This was certainly not true of Patterson, for 
we are told that he could not remember even the number of his own 
house. He met this dilemma by devising a mnemonic, which was indeed 
worthy of a mathematician. The number of his residence was 2811^ 
which answered to the following conditions : <* The second digit is tiN 
cube of the lirst, and the third the mean of the first two.^ It is to 
be wondered that, during (iome lit of intense abstractioD, the learned 
professor did not pronounee 111 to be the number of his honse, instead 
of 285; for 111 is a number satisfying the above conditions quite M 
well as 285. 

When Kobert Patterson resigned his position at the University of 
Pennsylvania in 1814, he was succeeded by his son, liobert M. Patte^ 
son. The latter was graduated at the University in 1804. After receiv- 
ing the degree of M. D., in 180S, he pursued professional stadies in 
Paris and London. In 1814 he was appointed professor of mathemataa 
and natural philosophy, which oflice he filled until 1828, when he ao* 
cepted the chair of natural philosophy at the University of Virpnia 
Eobert M. Patterson published no mathematical books. 

From 1828 to 18;M the chair of mathematics and natural philosophy 
was filled by Prof. Robert Adrain. The days of greatest activity d 
this most prominent teacher of mathematics were spent at other in- 
stitutions, but we take this opportunity of introducing a sketch of his 
life.* 

Robert Adrain was born in Ireland. At the age of fifteen he lost both 
his parents, and thenceforward he supported himself by teachin^^. At 
* the end of an old arithmetic he found the signs used in algebra. Hia 
curiosity becoming greatly excited to discover their meaning, he gave 
himself no rest until at last he found out what they meant. In a 
short time he was able to resolve any sum in the arithmetic by algebnL 
Thenceforth he devoted himself with enthusiastic ardor to mathematioa 
He took part in the Irish rebellion of 1798, received a severe wound, and* 

* This sketch is cstractod from an articlo in the Democratic Reyiew, 1844, YoL 
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escaped to America. Immediately after liia arrival he begaii teachiug 
in New Jersey. After two or three years be became principnl of tlie 
York Conuty Academy in Peunsylvanla. He tlien began contributing 
problems and solutioua to the Mathematical Correspondent, a jonroal 
published in New York. This was tlie means of bringing bis matbe- 
matical talents before the pnbltc. H« obtained several prize medals, 
awarded for the best solntions. 

In 1805 he moved to Reading, Pa., to take charge of the academy of 
that place. He started there a mathematical jonrnat culled the Analyst. 
The first number was pnbliahed in Heading, but its typographical exe- 
CDtioD disappointed him so much that be employed a publisher et Philai- 
delphia and incurred the extra expense of a republication. We shall 
speak of this Journal again later. 

In 1810 he was called to the profesaorship of mathematics and natural 
philosophy at Queen's {now Rutgers) College; and, in 1813, to the pro- 
fessorship of mathematics at Columbia College. In New York he be- 
came the center of attraction to those pursuing mathematical studies. 
A mathematical club was established, in which he shone as the great 
luminary among lesser lights. As !i teacher, he had a most happy 
faculty of imparting instruction. 

In 182G the delicate state of his wife's health indnced him to leave 
Columbia College in New York and to remove to the pnre air and 
healthful breezes of the country Dear Bew Brunswick. About two 
years later he was induced to accept the professorship of mathematics 
at the tTniversity of Pennsylvania, a position which had been held at 
the beginning of the century by the well-known Robert Patterson. 
Adrain became also vice-provost of this institution. 

He resigned this jwaitionin 183t and returned to his country seat 
near New Brunswick, intending to pass his time with his family and 
in study. But he did not remain there long, for the habit of teaching 
Lad become too strong easily to be resisted. He moved to New York 
and taught in the grammar school connected with Columbia College 
until within three years of his death. At this time his mental faonlties 
began very perceptibly to fail. He greatly lamented their decay, and, 
one day when a friend called in to see him, he had a volume of La Place 
on his lap endeavoring to read it. " Ah," said he, in a melancholy tone 
of voice, " this is a dead language to me now ; once I could read ha^M 
Place, but that time has gone by." He died in 1843. ^M 

Among American mathematicians of his day, Robert Adraiu was ex>'^| 
celled only by Nathaniel Bowditch, Of his mauy contributions to 
mathematical journals, one of the earliest was an essay published in 
1804 in the Mathematical Correspondent on Diophantiue analysis. This 
was the earliest attempt to introduce this analysis in America. 

In 1808 Adrain began editing and publishing the Analyst, or Mathe- 
matical Museum. At that time he had not yet entered upon hia cat«,« 
as college profsssor. The alK)ve petLoAvtai ftQuVa-vati. (S^x^eM wSv.'(s!\«o^ 
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to mathematical questions proposed by the various contribaton. It wu 
a small, modest publication, which had only a very limited ciroalation in 
this country, and was unknown to foreign mathematiciana. It lived, 
moreover, only a very short time, for only five numbers ever appeared. 
And yet, this apparently insignificant little journal, edited by a teacher 
at an ordinary' academy, contained one article which was an original 
contribution of great value to mathematical science. It waa, in fiEwt, 
the first original work of any imi)ortance in pure mathematica that hid 
been done in the United States. I refer to Robert Adrain's dedaetiM 
of tbe Law of Probability of Error in Observation. The honor of the fink 
statement in printed form of this law, commonly known as thePrincipleof 
Least Squares, is due to tbe celebrated French mathematician liegendre, 
who proposed it in 1805 as an advantageous method of adjusting obaer 
vations. But upon Eobert Adrain falls the honor of being the first to 
publish a demonstration of this law. He does not use the term <* leut 
squares," and seems to have been entirely unacquainted with the 
writings of Legendre. It follows, therefore, that not only the two de- 
ductions of this principle given by Adrain were original with him, hot 
also the very principle itself. 

We now give the history of this discovery by Adrain. Robert PattN- 
son, of the University of Pennsylvania, proposed in the Analyst the 
following prize question: " In oriler to find the content of a piece of 
ground, • • * I measured with a common circumferentor and chain 
the bearings and lengths of its several sides, • • • but upon ca6^ 
ing up tbe dilference of the latitude and departure, I discovered • • • 
that some error had been contracted in taking tbe dimensions. KoWyit 
is required to compute the area of this inclosure on tlis mo9t probMe 
supposition of this error." This was proposed in No. II of the Analyst, 
and after being a second time renewed as a prize question in No. III|tt 
was at length, in Koi IV, solved by a.course of special reasoning by 
Nathaniel Bowditcb, to whom Adrain awarded the prizeof ten doIlarSi 
Immediately following Bowditch's special solution, the editor, Adrain, 
added his own solution of the following more difficult general problem: 
«' Eesearch concerning the probabilities of the errors which happen in 
making observations."* This paper is of great historical interest, M 
containing the first deduction of the law of facility of error, 

(p (x) = C€^^^* 

(p {x) being the probability of any error x, and c and h quantities de- 



• Analyst, No. IV, pp. 915-97. Copies of this journal are very rare. No. IV is to be 
found in the Con;]^e8sional Library in Washington; No. Ill and No. IV are in the 
Library of the Anirrican Philosophical Society, Philadelphia. Adraiu's first proof of 
the Principle of Least Squares was re-published by Cleveland Abbe iu tbo Aiuericaa 
Jonrnal of Science and Arts, third scries, 1871, pp. 4ll-4iri. Arlrain's second proof 
'was re-published by Mansfield Merrinian in the Transactions of the Connecticut Aead* 
eniy, Vol. IV, 1887, p. 1G4 ; also in the Analyst (edited and published by J. £, 
diiokB, DcsMoiaes, Iowa), Vol. IV, No. 11, p. ^. 
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^Banding on the precisiouof the tneasuremont. Adrain gives two proo]^^^| 
BRttiia law. The lirst proof tlepeDds upon the "self-evtilontpriociple^^^| 
^Tte he calls it, that the true errors of measured quautitiea are propoF'^^^ 



tionat to the quantities themselves. The arbitrary nature of this as- 
sumption is pointed out by J. W. L. Glaisher iu the Memoirs of the 
Koyal Aatrouomical Society, Part II, vol. 39, 1871-72. ''Tliia," says 
Glaisher, " seems very far from being evident, not to say very far from 
being true, generally. Cue would «Jpeet a less relative error in a 
greater distance." Glaisher raises other objections to Adrain's first 
proof, and then pronounces it entirely inconclusive. Adrain's second 
proof, which is essentially the same as that given later by John Her- 
Bchel, and usually colled Herschel's proof, is likewise defective, as has 
been pointed out by Prof. MansHeld ilerriman. 

In order to place these criticisms on Adrain's two demonstrations 
the proper light, it should be remarked hero that the subject of which 
they treat is one of great diEBculty. There has been great diftereni 
of opinion among leading mathematicians as to what assmnjitions 
garding the nature of errors can be safely and legilimatu'ly made, ai 
taken as a basis upon which to construct demonstrations and what oni 
should be rejected as being false or as deinauding demonstration. 

Subsetiuenlly to Adrain's ])aper, proofs were published by Gauss, 
Place, fiesBcl, Ivory, John Herscbe), Tait, Donkiu, and others. Alto- 
gether, there appeared over a dozen distinct proofs, but all of these 
*'coHtniu, to say the least, somo point of difficulty" (Glaisher). If, 
therefore, it be said that Adrain's proofs ore iuconclusive, we must re- 
member that all other proofs hitherto given possess to a greater or lean 
degree the same defect. 

The number of the Analyst which gives Adrain's two proofs contains 
also the following applications of this method: (1) To find the most 
probable value of any quantity of which a number of direct measure- 
ments is given ; (2) to tind the most probable position of a point iu 
space; (3) to correct dead-reckoning at sea; to correct the bearings 
and distances of a field survey. 

At the close of the article he says: "I have apjilied the principles 
of this essay to the determination of the most probable value of the 
earth's ellipticily, etc., hut want of room will not permit mo to give the 
investigation at this time." It was publi.shed nine years later iu Vol- 
ume I, new series, of the Transactious of the American Philosophical 
Society (papers No. IV and XXVII). Iu the first paper be finds the 
earth's ellipticity to be jfj, instead of j^,{, as was erroneously given by 
La Place (La M(5cauique CtJleste, Vol. Ill), Iu the second paper Adrain 
applies bis rule to the evaluation of the mean diameter of the earth, 
vhich he finds to be 7,318.7. 

His rule for correcting dead -reckoning at sea was adopted V)y Dr. 
Bowditch in his last edition of bis Practical Navigator. Adrain's rule 
for correcting a survey is referred to bj' JoW 'i\xta\aMii> "va. NsSa^^^^^^^ 



I m 
ich_^^ 

I 






70 TEACHINa AND HISTORY OF MATHEBfATICS. 

Ing, as having been given and demonstrated by Bowditch and 
in the Analyst. 

It thus ai>i)ears that these rules of Adrain were made use of by at leait 
some of the contemporary American mathematicians, bat the priDCipki 
from which these rules were deduced and the demonstrations of that 
principles appear to have excited little attention, and to have been sooi 
forgotten. Foreign mathematicians never heanl of Adrain's investigft- 
tions on the subject of least squares until Adrain's first pr»of and ex- 
tracts from other papers were reprinted by Cleveland Abbe in the Amer 
ican Journal of Science and Arts in 1871, or sixty years after their flnt 
publication in the Analyst. By a very strange oversig^ht Glevehmd 
Abbe does not even mention Adrain's second proof. The existence of 
this proof was pointed out, however, a few years later by Prof. Maosfidd 
Merriman. 

It is not much to the credit of American mathematicians fhat they 
should have permitted theoretical investigations of such great value to 
remain so long in obscurity. Let justice bo done to Adrain, and let bin 
be credited <^ with the independent invention and application of the 
most valuable arithmetical process that has been invoked to aid the 
progress of the exact sciences.'' 

By the numerous elegant solutions which Adrain contributed to maA- 
ematical journals in this country, by his labors as teacher at Bntgeit 
College, Columbia College, and the University of Pennsylvania, by his 
editions of Ilutton's Mathematics, he contributed powerfully to the 
progress of mathematical studies in the United States. His first edition 
of Hutton's Mathematics was followed in 1S12 by a second edition, and 
in 182:2 by a third edition, in which he added an elementary treatise of 
sixty pages on descriptive geometry, ^' in which the principles and funda- 
mental problems are given in a simple and easy manner." Other edi- 
tions came out later. Adrain's edition of Ilutton contained improve- 
ments in method and important corrections, the value of which was reo* 
ognized by Mr. Huttou himself. 

It may be well to call to mind at this place that Charles Ilutton vas 
professor of mathematics at the Royal Military Academy at Woolwich 
from 1773 to 1805. Ilis course of mathematics was published in Lon- 
don, 1798-1801. In its day this work was doubtless the best qt its 
kind in the English language. But at that time the English were far 
behind the French in the cultivation and teaching of matheuiatiGS. 
Ilutton's (M)urse was i>lain and siini)lo, bat defective both in extent aud 
analysis. The English works of tliat day giMierally contained rules 
without principles, and were decidedly inferior to the explanatory trea- 
tises of Lacroix and Bourdon, then used in Erance. Ilutton's mathe- 
matics were used once at our own Military Academy at West Pointi 
but were soon exchanged for the more analytical and copious treatises 
by French authors. 

We close our remarks on Bobert Adrain with the following quotatioil 
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from the Democratic Review of 1844, Vol. XIV : " He publifilied little, 
becituee he was too severe & critic upon his own writings. He woulil 
revise ami re-revise. It is said tbat while at Columbia, be lia,d a trea- 
tise oQ the differeiitial aud iDtegral calculaa all written out and ready 
for the press; but upon grviug it a further revisiou he became dissat- 
isfied with some parts of it, aad committed the whole to the Sames.'' 
Be left a uamber of manuscripta with commentaries ou the M^cauiqae 
Anal^tique of Lagrange aud the M^aniqae Celeste of La Place.* 

COLLEGE OP NEW JEBSEY (PKINOETON). 

The College of New Jersey firat opened at Elizabethtown, in 1746. 
Boon after, it was trausferred to Newark, and iu 1750 to Princeton. 
Aboutseveotystudeuts moved from Newark to Princeton. The first pres- 
ident died after having been in office less than a year. His successor, 
Aaron Burr, the elder, held the post for ten years. He was an incessant 
worker and toiler. Though he was assisted by two tutors, he was him- 
self teacher in Greek, logic, ontology, natural philosophy, and in the cal- 
culation of cciipses.t The courses in physics were illastrated by appa- 
ratus which had been obtained from Philadelphia. Popular lectures 
were delivered on the new electricity, and both president and students 
repeated Franklin's experiment on the inflaence of pressure on the boil- 
ing iKtint, with glass globes of their own. ■ 

At first the college had no professors with fixed functions and perma- 
nent salaries. The instruction iu classics and mathematics was com- 
mitted to tators who had lately graduated aud were preparing for the , 
ministry. They tanght generally for bat few years. 

The first professor of mathematics and natural pliilnsopby was Will- 
iam Churchill Houston. In early manhood he entered Princeton College, 
taught in the college grammar school, and was graduated iu 1TG8. He 
was then appointed tntor, and, iu 1771, elected professor. At the be- 
ginning of the Revolutionary War, he and Dr. Witherspoon were the 
only professors in the college. When Princeton was invaded in 1770, 
and the college was closed, he took active part in the war. As soon as 
quiet was restored at Princeton, he reiiumed bis college duties. Soon 
after he was sent as a representative to Congress, H« resigned his chair 
in 1783. In midst of his many duties, be had acquired a sufficient 
knowledge of law to be admitted to the bar. As a lawyer be soon ac- 
quired great reputation. 

John Adams visited Princeton College in the opening days of the 
Revolution, when he was on his way to the Continental Congress. In 
his diary of August 26, 1774, he says : " Mr, Eustnn,} the professor of 
malbematics and natural philosophy, showed us the library ; it is not 
large, but has some good books. He then lead us into the apparatus 

•For want of tlja necessary inaterinl, our ikelcU of the UniTecHilj of Pcnnajlv*- 

I will not be cantioucd. 

The College Book, bj ChatleaP. RichMiaon au&.Q.t:iU^ h.,C\MV,Vi"\^i'5-'*^- 
^Afr. Houatoa wMprobaUlj intended. 
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room ; here we saw a most beautiful machine — an orreiy or planetaiian, 
constructed by Mr. Kittenhouse, of Philadelphia." It will be remembered 
that both the University of Pennsylvania and Princeton College hid 
been negotiating for the first orrery made by BittenhoaBe, and thit 
Princeton carried it off, much to the chagrin of Dr. William Smith, tbe 
president of the University of Pennsylvania. 

The chair of mathematics and natural philosophy was filled two yean 
after the resignation of Houston by the appointment of Ashbel Greeo. 
He was a native of New Jersey, and was graduated at Princeton Col- 
lege in 1783. He entered the ministry, and was professor for the two 
years succ^ding 1785. Later, he became president of the institation. 

Green's successor was Dr. Walter Minto, a Scotch mathematidaB 
of eminence. He was graduated at the University of Edinburgh, aod 
then became tutor to the sons of George Johnstone, a member of Parlia- 
ment. With them he travelled over much of Europe. In Pisa he be- 
came acquainted with Dr. Slop, the astronomer, and through him with 
the then novel application of the higher analysis to planetary motion. 
After returning to Scotland he became teacher of mathematics at 
Edinburgh. He came to the United States in 1786, and one year after 
became connected with Princeton College. Beforecoming to Americahe 
published a Demonstration of the Path of the New Planet; Besearvhei 
into Some Parts of the Theory of Planets; and (with Lord BaGhan)aa 
Account of the Life, Writings, and Inventions of Napier of Merohiaton. 

While at Princeton, he delivered on the evening preceding the annual 
commencement of the year 1788 <^ an inaugural oration on the Progress 
and Importance of the Mathematical Sciences." In this address he 
traces the history of mathematics down to the time of Newton, then 
directs his remarks to the students and trustees, emphasizing the im* 
portance of mathematical study. <^ The genius of Newton,'' says he^ 
^' had he been born among the Indians, instead of discovering the laws (A 
the universe, would have been limited to the improvement of the in- 
struments of hunting, or to the construction of commodious wigwamB." 
At the time when this address was delivered he had been professor at 
Princeton about a year. Near the close of his oration he says: ^^ It gives 
me a deal of pleasure, gentlemen, to have occasi(3n to observe, in this 
public manner, that a considerable majority of those of you who have 
studied the mathematics under my direction have acquitted yonrselves 
even better than my expectations, which, believe me, were very san- 
guine." This inaugural address is his only publication while he was 
connected with Princeton Oolle;:;c, but the college library contains some 
careful and curious MSS. on mathematical analysis written by him- 
Doctor Minto died at Princeton in 1706. 

The mathematical duties were now assigned to Dr. John Maclean, a 
native of Scotland. In his day he was one of the most distinguished 
professors at Princeton, **the soul of the faculty." His specialty was 
chemistry, which he had studied in Paris. He is said to have been ods 
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^btUe first to reprodncein America the views of the new French school 
Hi cbetiiiatry. During Heven years be was professor not only of (ihem- 
Vstry, but also of natural history, matbematies, and natural philosophy; 
aud after a short interval of four years, during which he was relieved 
from mathematical instruction by the appointment of Dr. Andrew 
Hnnler to those duties, he again assumed charge of all the scieutific 
instruction given to the students. He died in 1814. 

From 1812 to 1S17, Elijah Slack, a graduate of Princeton and a min- 
ister, was professor of natural philosophy and chemiatry. He taught 
also mathematics. He was afterwards president of Cincinnati Oollege. 
Henry Vethnko taught mathematics from 1817 to 1821. In 1823, Mr. 
John Maclean, a young man of only twenty-three years, was made pro- 
fessor of mathematics. 

It may here be remarked that in the library of Princeton College thei 
is a folio volume of great interest and value, containiug a copy of thft 
first printed edition of Euclid's Elements in Greek (Basle, 1533); the 
commentary of Proclns on the First Book of Euclid (Basle, 1533); a 
twofold Latin translation (Basle, 1.'>5S) — one the Adelard-Campanna 
version, from the Arabic, the other the tiri^t translation into Latin from 
the Greek from Theon's Revision. This folio was once the property of 
Henry Billingsley, who three hundred years ago made the first tntna- 
lation of Euclid into English. By the examination of this folio. Dr. G. 
B. Halsted was able to show that the first Euglish translation was made 
from the Greek, and not, as was formerly supposed, from any of the 
Arabic-Latin versions, 
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DAETMOUTH OOLLEGE. 



Dartmouth College, at Hanover, was cliartered in 1769. Wheelook 
was tlie first president, and his first associate in instruction as tutor 
was Bezatnel Woodward, who had graduated at Yale in 1764, dm 
the presidency of Clap, of whom it was said that in mathematica and. 
natural philosophy "he was not equalled by more than one man i 
America." 

Three of Dartmouth's first class were prepared for college at the 3 
" Indian Charity School" in Lebanon, and passed their first three years .] 
at Yiile. 

The facilities for acquiring a classical and scientific education appear 
to have been substantially the same at Dartmouth, at the outset, aa in 
other Amoricim colleges of that period.* Some notion regarding the 
mathematical couise at this college may be drawn from a letter written 
ill 1770 by Xathan Teasdale, a learned and indefatigable teacher in 
eastern Connecticut, to Dr. Wheelock, the president of the college, 
introducing one of Teasdale'a pupils, -who applied for admission to the 
Senior year. The young man is described aa "a genius somewhat 

'Notcoti the Firtt English Euclid, Aniorican Journal of Muthematica, Vol, U.,\KlS- 
I HiBtorf of Durtmoutb College, by B. V. Smilbi'^.t^ii. 
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better tban common," who ^^ had made excellent progress.^ ^'In arith- 
metic, vulgar and decimal, he is well versed. I have likewise taaght 
him trigonometry, altimelry, longimetry, navigation, surveyingi dial- 
ing, and gauging." << lie likewise studied Whiston's Astronomy^ aD 
except the calculations." We are, probably, not far from the trath, if 
we conclude that the studies here enumerated were, in substance, the 
mathematics then studied at Dartmouth during the first three years. 

The first twelve or thirteen years were years of very great trial for 
Dartmouth. The funds of the college were small and the stadents few. 
The Revolutionary War, though it did not interrupt the college exercises 
and disperse the studcnt-s, must have diminished their namber and 
affected their spirits. As in other localities, so in New Hampshire, the 
means of fitting for college were very imperfect and many of the college 
studies were inadequately pursued. ^^ I remember," says Samael Gil- 
man Brown,* ^< hearing one of the older graduates say that the first 
lesson of his class in mathematics was twenty pages in Eaclid, the 
instructor remarking that he should require only the captions of the 
propositions, but if any doubted the truth of them he might read the 
demonstrations, though for hU part his mind was perfectly satisfied.' 
In stories like this, however, we must allow something for the geniofl 
of the narrator. This story, if not true, is certainly of the ben trovaio 
sort. The requirements for admission to American colleges in those 
days were low, and the system of choosing the tutors, to whose care 
the Freshmen and Sophomore classes were entirely committed, was 
enough to destroy any chances of rectifying the errors of bad and 
insufficient preparation. Not unl'roquently a fresh graduate who had 
excelled in classics alone, with very little taste for mathematics, woald 
be chosen to fill a tutorial vacancy requiring him to teach mathe- 
matics, and vice versa. The bad consequences of such a system need 
not be dwelt upon here. 

We see from the above that Euclid's geometry had been introduced 
in the early days of the college. 

In 1790 the studies in college were as follows : t 

"The Freshmen study the learned languages, the rules of speaking, 
and the elements of mathematics. The Sophomores attend to the lan- 
guages, geography, logic, and mathematics. The Junior Sophisters, 
beside the languages, enter on natural and moral philosophy and com* 
position. The Senior class compose in English and Latin; study meta- 
physics and the elements of natural and political law. 

"The books used by the students are Lowth's English GrammaTi 
Perry's Dictionary, FiJc&s Arithmetic, Guthrie's Geography, Wardfi 
Mathcmaticg, Atkinson's Epitome, Hammond's Algebra, Martinis and 
Enfield's Natural Philosophy, Ferguson's Astronomy, Lockers Essay, 

•Address Ijcfore the Society of Alumni of Dartmouth Colloj^e, 1855, p, 17. 
f Barnard's Journal of Education, Vol. 20, 1876, International Scries, Vol. I, p. 978^ 
quoted by Judge Crobby from Belknap's History of New Hampshire, p. 296. 
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Montestiuiea's Spirit of Laws, and Barlamaqni's Natural and Political 
Law." HainmoDil's Algt'Iira was, we bt^Iieve, an Eiiglisli work, lu a 
catalogue of old, sccoud-hand books we find, " nauimotid, N., Elcmeots 
of Algebra in a new and easy method, etc., 8vo. calf, 1742." 

Of the early grailiiates of Dartmonth we would mcntiou Daniel 
Adams, of the class of 1797, wlio furnished theschoolboj'a satchel with 
tlie Scholar's Arithmetic, one of the best and niostpoiiular books of the 
time. 

Another graduate somewhat distingnished in the mathematical line 
was Joliii Iliibbard, of the class of 1785. After studying theology, he 
became preceptor of the New Ipswich and Deerfleld academies in Mas- 
aachnsetts. Afterwards lie was judge of probate of Cheshire County, 
N. U. Iq 1804 be succeeded B. Woodward iu thochairof mathematics 
and natural philosophy at Dartmotitli, and died it till his death in 1810, 
He published an Oration, Riidimeots of Geography, The American 
Beader, and nu essay on Music, but nothing on matbematica. 

For twenty-three years, beginning in 1810, Ebenezer Adams waa pro- 
fessor of mathematics and natural iihilosopliy. In 18^3 he nas made 
professor emeritas. 

For 1S34 the mathematical studies aa indicated in the catalogue of 
the college, was as follows : The Freshmen reviewed " arithmetick " and 
then studied algebra during the third term. No mathematical studies 
are given for the first two terras. Tbo Sophomores were put down for 
six books of Euclid during the first terra, plane trigonometry and its 
usnal applications during the second term, and the completion of Euclid 
during the third terra. The Juniors studied "coniek" sections, and 
" spherick" geometry and trigonometry during the first term. The rest 
of the year waa given to natural philosophy and astronomy. No mathe- 
matics in the last year. 

In 1823 the college course was the same, but algebra txt the end of 
simple equations was added to the terms for ndmissiou. ^J 

BOWDOIK COLLEGE.* ■flB 

When Eowdoiu College was first organized, iu 1S02, the requirements 
for admission were an acquaintance with the "fundamental rules of 
arithmetic." Later, the eipressiou " well-versed in arithmetic" is nsed. 
The first definite increase in the requirements did not occur till 18iJ4, 
when part of alge.bra ^s added. 

During the first three years of its existence the college had no regular 
professor of mathematics. But in 1805 the faculty was reinforced by 
the arrival of Parker Cleaveland, who six years before had graduated 
at narvard firat in hia class and had been tutor in the aniversity. Tbe 
department of mathematics and natural philosophy was assigned to 

'Fur lli<< greater part of it](> malorial mhuiI in writJDg thU sketch, tho n 
debted to Prof. George T. Little of Bowdoin CoUeao. 
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youthful iDStructor. He remaiued at Bowdoin till his death in 1863 
and earned for himself the enviable reputation of ^^ Father of American 
mineralogy." Gleavelaud was professor of mathematics from 1805 till 
1835. One of the first books used was Michael Walsh's arithmetief 
published at Newburyport in 1801. Webber-s mathematics were taught 
for many years, until they were displaced by Pamir's ^< Cambridge 
mathematics." 

The course in mathematics at the beginning and for twenty yean 
after, was, in the Freshman year, arithmetic ; Sophomore year, algebra, 
geometry, plane trigonometry, mensuration of surfaces and solids ; Jun- 
ior year, heights and distances, surveying, navigation, conic sections; 
Senior year, spherical geometry and trigonometry with application to 
astronomy. Algebra was gradually forced back to the Freshman year, 
but a part of the first term of this year was given to arithmetic as late 
as 1850. 

In regard to the instruction in mathematics during the professorship 
of Parker Cleaveland, Professor Little sends us a copy of a letter from 
their oldest living graduate, the Kev. Dr. T. T. Stone, of the class of 
1820. Says he : ^< Until near the close of our college life we had but 
one professor with the president and two tutors. Professor Cleaveland 
added to his duties as teacher of the natural sciences, in particular 
chemistry, mineralogy, and such as were contained in Enfield's Natural 
Philosophy, those of instructor in mathematics ; although, I think, io 
the latter, that is, in mathematics, one of the tutors took part. Of the 
tutors who had most to do with this department, I remember Joseph 
Huntington Jones, afterward a Presbyterian minister in Philadelphia; 
Samuel Greene, well known in later days as minister of— I think, the 
Essex Street Church, Boston; and Asa Gummings, minister soon after 
of the First Church in North Yarmouth (the North since dropped oflf)^ 
and, later still, editor for many years of the Christian Mirror, and, if I 
am not mistaken, other tutors sometimes assisted in the department, aa 
Mr. Newman, who from tutor became professor of the ancient languages 
in the spring of 1820, and . afterward professor of rhetoric. It was he, 
unless my memory fails me, who took our class out to survey a piece of 
land to the north or south-west of what was then the college grounds, 
including probably the place where he and Professor Smyth and Pro- 
fessor Packard afterward lived — the only thing connected with the 
mathematics which I now remember outside of the recitations and the 
preparation, such as they were, for the regular exercises. 

*' Of the books then used, the first, and that which went with us, I 
am not snre but through the whole course from the Freshman year to 
the Senior, was Webber's Mathematics. The only other book of pure 
mathematics was Playfairs edition of Euclid, in which we went through 
so much, I now forget how much, as we had time of the six books which 
comprised a large part of the work. Added to this, Enfield's Philoso- 
phy took in, with its natural science, not a little of mathematical illna- 
tratioD, 
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" Of tlio metlioda of instructiou, I have alreiidy stated tUat the onljl 
exceptiou I remember to simple recitation was a single sligljt piece 4 
surveying. We were reqaired to study the iirescribed leasoii in tU 
book, theu to repeat it, not of coursB word for word, but distinctly, 1 
the professor or tutor at the recitation ; that was all." 

GEOHGETOWN COLLEGE.' 

Shortly after the closQ of the Americia Revolntion the idea of e 
tablishiug a college in Maryland, then the chief seat of the CatholtO'* 
religion in this comitrj', presentt^ itself to the Rev, John Carroll, 
afterwards first Archbishop of Baltimore. Bnildings were erect«d for 
this purpose in 17S9, anda school first opened two years later. It 
rapidly grew into favor. Groat attention wag then paid to the classic 
laugoages, bat only little to matfaeutatica. Until 1806, when the col- 
lege came into the hands of the Jesuit'^, the school was rather of 
preparatory grade. At this time a regnlar college course was arranged. 

in 1807 Fr. James Wallacecame to Oeorgetown. He had the claBses 
here fur two years. He was then sent to New York, where he taught in 
the "New York Literary Institution," an oli'shoot of Georgetown. While 
io New York he published a work on the Use of the Globes (New York, 
1812). He returned to Georgetown in 1813 or 1814, and remained there 
until 181S, when ho removed to Charleston, 8. C. In 1S21 his conneo- 
tiou with the Society of Jesus was severed. After leaving Georgetown, 
ho was for several years professor of mathematics iu the South Caro- 
lina College. During his second stay at Georgetown he solved a prob- 
lem proposed by the French Academy; as a reward they sent him 
many floe mathematical works, ProfL>HSor Wallace was a man of ability, 
and a most patient aud successful teacher. 

Rev, Thomas C. Levins, born March 15, 1791, tanght here from 1822 
till 1825. He studied at Edinburgh, under Leslie, and then taught at 
Stonyhurst College, England. In 1325 he went to New York, Dr. 
Shea, in his Catholic Church in the Cnited States (p. 403), states that 
Fr. Levins was one of the engineers of the Croton Aqueduct. He died in 
New York, May 6, 1843. 

We have not been able to obtain more definite informattoa on the 
early mathematical teaching at this college. 

L UNIVERSITY OP NOBTH CAROLINA. 

P The first impulse towards the establishment of a university in North 
Carolina came, it seems, from the Scotch-Irish element occupying the 
midland belt of the State. " The early emigrants aud settlers of this 
people brought their preachers, who also filled the office of teachers for 
tli<> young. Tradition informs us that the most popular and beat sua- 
tiiined of these nurseries of the young were located iu the influenlinl 

"The above inrormation is drawu inaioly from a, lettar oC Pint. S.f .\li'«w.-a,'%.. 
J., profeaaor of physics and meclianic* at Gootgotowu CoWe?.*. 
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counties of Iredell, Mecklenbargli, Guilford, and Orange. It was from 
these nurseries came the desire for bi<^ber e<luc<ition that formulated 
the article that decreed a State university. Doubtless the grrantingof 
a charter for William and Mary and for Harvard by the royal preroga- 
tive of the mother country, and the refusal of a like charter to Queen's 
College at Charlotte, in Mecklenburgli, during the colonial grovernment, 
angered the hortieis, fired the resentment of the Kevolutionary pa- 
triots, and quickened their action in the blessings of liberty under the 
shield of the new- born Republic."* 

The doors of the university first opened for the admission of students 
in 1795. It was organized after the model of Princeton Colleg^e, which, 
in turn, was patterned after the Scottish universities. Shortly after the 
University of North Carolina had begun, Charles W. Ilarris, a graduate 
of Princeton College, was elected to the professorship of mathematics. 
He occupied this chair for only one year. It had been his original pur 
pose to study law, and after one year's ex])erieuce in teaching he re- 
signed in order to enter the legal profession. He was regarded as a 
man of considerable ability, but he died at the age of 33. 

He was succeeded by Kev. Joseph Caldwell, who was also a graduate 
of Princeton and a native of Xew Jersey. He had been one year tutor 
at his alma mater. This remarkable man gave for nearly forty yean 
his best energy to the interests of the university. In 1804 he wu 
elected president, which ofTice he retained till his death in 1835^ with 
the exception of four years, from 18113 to ISIG, during which period he re- 
tired voluntarily to the ])iofessorship of mathematics so as to secure 
more time for the study of theology. 

At first the faculty was very small. In 1814 it consisted of ^^ President 
Caldwell, Professor Bingham, and Tutor Henderson. Their college 
titles were 'Old Joe,' *Old Slick,' and < Little Dick.' <01d Joe,' how- 
ever, was only thirty years of age, and possessed • • • a formi- 
dable share of youthful activity ."t 

It is not generally known that Dr. Caldwell, in August, 1832, com- 
pleted the first college observatory built in the United States. «* It 
was," says Professor Love, '' a brick structure about 25 feet high, and 
contained a transit, an altitude and azimuth instrument, a i>ortabIe 
telescope, an astronomical clock with mercurial pendulum, and other 
minor apparatus, all of which he bought in London in 1824 from the 
best makers. For want of means and interest, however, the observa* 
tory, after Dr. Caldwell's death in 1835, was permitted to go down, and 

• AcMross by Paul G. Cauieron in the iuangiiral proceedings at the University of 
North Carolina, Jnuo 3, IS-ro, p. 9. All the inatcTial for this sketch of mathematical 
ti'arhing at that university has been furnished to the writer by Prof. Jamea Xiee 
Love, associate i)rofe88or of mathematics at the University of North Carolina. ProU 
Love has not onl^' forwarded pamphlets, but has himse'it made careful investigi^tion 
into the history of the iubtitution, and kindly couimuuicated his results to the 
writer. 

t Fifty Years Since, by William Hooper, 1859, p. 10. 
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even the records of obaervatdons made there from 1832 to 1S35 are 
. now known to esiat."" 

Proft;88or Caldwell was a mim of liberal and progrt^sive views, 
laid wifiely tbe foundiitioiis of a great nniversity in library and pbilo- 
sopbical apparatus, as well as in ihecoursea of study and in tlje men be 
gathered around him in bia faculty. In remembrance of his long and 
untiring devotion to tbe institution a monnmeDt bas been erected to 
him, by the alnmui, in a grove surrounding tbe university. 

When Caldwell went to Cbapel Hill he found the college in a feeble 
state, nearly destitate of buildings, library, and apparatus; tbe stu- 
dents were very rough. We read of " unpleasant upheavals and vol- 
canic eruptious" among them. Moreover, the bUl of fare with which 
the minds of tbe studeuts were obliged to content themselves was vi 
meager. For admission in mathematics the elements of arithmel 
were required from the beginning, m ITdd, to 1835. In IStlO tbe requi 
ment was "arithmetical far as the rule of three;" in 1834, "arithmetic 
to square root." In our early arithmetics the rule of three was given 
for integers before friictions were tonched upon, and we imngiue that 
fractions wtre not required for admission, nor eten any knowledge of 
integral arithmetic beyond the merest elements. The mathematical 
course offered in 1795 was ns follows: (I) Arithmetic \u a scieniitic man- 
ner; (li) algebra, and the application of algebra to geometry; (3) Eu- 
elUPa eiemeuU ; (1) Irigoaometry anA its application to mensuration of 
heights and dtst^inces, of snrfuces and solids, and to surveying and navi- 
gation i (5) Conic section! ; (8) (Ac dottrine of the sphere and cylinder ; 
(7) the projection of the sphere ; (8) spherical trigonometry; (9) the doc- 
trine of fluxions ; (10) the doctrine of chances and annuities. *'The first 
four courses," says Professor Love, "were to be required for graduation. 
The remaining courses were to be taught */reguwi(C(!, but they were not 
regwsted."" 

The text-books used prior to 1868 cannot now bo entirely deter- 
mined. The first algebra used was probably Thomas Simpson's. It 
was certainly studied in 1803 and in ISin, and, perhaps, as late as 1826. 
The first geometry studied was Hobert Simeon's Euclid. On the ap- 
plication of trigonometry to mensurtition, Kwing's Synopsis was used 
first— certainly as early as 1798. About 1810 President Caldwell pre- 
pared a course in geometry, based on Simson's Euclid, This waa used by 
the students in manuscript, copies having been made and banded down 
from class to class. Buttou's Geometry was introduced in 1816. In 1823 
Dr. Caldwell published his geometry, under the title, "A Conipendions 
System of Elementary Geometry." It was used for some years. Bound 
with this book in one volume was a treatise on trigonometry. Tbe 
plane trigonometry was prepared by liimself ; the spherical was Robert 
SImson's. £"0 record bas been found as to tbe trigonometry nsed prior 
to 1822, though Simson's was probably the one. It does not appear that 

•gcoalBoaakrtiale by Profcsior LovD in tlioKatioa for August 16, 18da. 
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the study and use of logaritlims \^as introduced until 1811. Natmal 
philosophy and astronomy were taught from the beginning. Fergnaon^ 
text was the one first used. In natural philosophy Kksholson's wu 
used down to 1S09, then Helsham's until 18IG. 

Dr. Caldwell was professor of mathematics from 1796 to 1817, but hii 
activity extended in many other directions. He << taught mHthematia, 
natural and moral philosophy, and did all the preaching." An inter 
esting, though one-sided, picture of him as a teacher of geometiy 
(about the year 1810) is given by William Hooper, one of tbe alamni:' 
*^ There being but three teachers in college (president, professor of lan- 
guages, and tutor), the Seniors and Juniors had but one recitation ptt 
day. The Juniors had their first taste of geometry, in a little element- 
ary treatise, drawn up by Dr. Caldwell, in manuscript, and not then 
finished. Copies were to be had only by transcribing, and in process 
of time, they, of course, were swarming with errors. But this waai 
decided advantage to the Junior, who stuck to his text, withoat mind- 
ing his diagram. For, if he happened to say the angle at A was equal 
to the angle at B, when in fact the diagram showed no angle at £ak 
all, but one at C, if Dr. Caldwell corrected him, ho had it always in hii 
power to say, <^ Well, that was what I thought myself, but it ain't no 
in the book, and I thought you knew better than I." Wo may well 
suppose that the doctor was completely silenced by this unexpected 
application of the argumentum ad hominem, • • • The Junior hav- 
ing safely got through with his mathematical recitation at eleven o'clock, 
was free till the next day at the same hour.''* It will be rememberedf 
that t4ie blackboard — that simple machine which doubles the teaching 
power of an instructor in geometry — was then unknown in America. 

Fluxions were not taught at that time. William Hooper says in bis 
humorous way, '^ As for chemistry and differential and integral calcnloB, 
and all that, we never heard of such hard things. They had not then 
crossed the Boanoke, nor did they appear among us till they wen 
brought in by the northern barbarians about the year 1818." t These 
northern barbarians were Elisha Mitchell and Denison Olmsted. Tlie 
latter introduced chemistry, mineralogy, and geology into the univer- 
sity. Dr. Mlt(5hell was a New Englander. He graduated at Yale in the 
class of 1813 with Olmsted. He began teaching immediately aftt»i grad- 
uation, and in 181G was appointed tutor at Yale. At the University of 
North Carolina he held the chair of mathematics from 1817 to 1826, and 
performed his duties with energy and success. When Dr. Olmsted was 
called to Yale, he assumed the vacant chair of chemistry, which posi- 
tion he filled with great credit until his death in 1857. He lost his life 
by falling over a precipice, in the darkness, while engaged in the scien- 
tific exploration of Mitchell's Peak in western North Carolina. 

In 1818, after the arrival of Mitchell, spherical trigonometry, conic 
sections, and fluxions were introduced into the course of study leading 

'Fifty Years Since, p. 23. t Page 17 of his address. 
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^Bptbedegreeof A. B. The course was fis follows: Freahman year, anth- 
^Hietio completed, algebra begun ; Sopkontore year, algebra coiupleted, 
^^geometry ; Junior year, plane IngoQometry, logaritbnis, mensHratiou, 
tiavtgatioD, spherical trigonometry, coqIo sectioua, fluxious ; Senior year, 
astrouomy, natural philosophy. It will be noticed that the course began 
now Iq tbti Freshman instead of the Sophomore year, as formerly. If it 
was faithfully carried out, then it must have been very creditiible to the 
institution at that time. It remained nearly ancbanged for seventeen 
years. As regards the text-books, it is probable that Simpson's Alv 
gebra was used by Mitchell ; also Huttou's, and since 1832, Oaldwi 
Geometry and Trigonometry, and "Vince's Conio Sections. In II 
Day's work on mensuration ^as taught. No record has been found 
to what tex^book8 were nsed when :flusions were first introduced. It 
is possible, however, that Vince's and Ilutton's were the ones. In as- 
tronomy Nicholson's was used for a long time. Ciivallo's Natural Phi- 
losophy and Wood's Mechanics were used, the latter since 1822. 

Mr. Paul 0. Cameron gives an interesting reiniuiscciicc of B. F. 
Moore, a once prominent lawyer. " Often baa ho entertained me," says 
Cameron, " with the lights and shades of his college life; how grandly 
he marched through the recitations in the languages taught in the first 
and second years of his college life ; how deep and suddenly he went 
under when he struck the mathematical course of the Junior year; how 
he wrote to his father and appealed to him to take him home and place 
him behind the plow. His father re/uses, and tells him to make known 
his difSculties U) his professor. He hands Ids father's letter to Dr. 
Mitchell, who invites him to his studj and gives him instruction by the 
nse of bis knife and a piece of white pine, cutting for lum blocks ot 
mathematical figures, to be used in the demonstrations of his proposK 
tions. Turning the light on him m this way, ho was enabled to 
tinue his course with satisfaction." 



UMIVEBSITY OP SOUTH OAEOLINA.* 






The Soath Carolina College threw open its doors for students in Ji 
nary, 1805. The first mathematical teacher at the college 
Hammond of Massachusetts. He wag a graduate of Dartmouth Col- 
lege, and when called to this position, was priucipal of Mt. Bethel 
Academy in Newberry, S. C. After one year's service ho resigned and 
returned to the academy. Judge Evans, a student under him, says 
" His personal appearance and manners were very captivating, and his 
popularity for the period of his connection with the college was scarccljFfl 
inferior to that of Dr. Maxey," Dr. Masey was the president. '•M 

Rev. Joseph Caldwell, the father of the University of North Cnrolinajp 
was then invited to the chair of mathematics, but he declined. Panl-' 
H. Perrault was elected to the pl.ice, but in 1811 he was removed for 

* For tbe larger parlof our ioforiiiatioii Teapectiog Ms iDStitnlioa, n-e are iodobted 

Ito FtofMSOT E. W. Davis, professor of mathematicB and aatroijomf a 
j 831— No. i 
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^^ neglect of college daties." He is said to have been <' well sldlkd ii 
matbematics," bnt ^^ wanting in that dignity which a Freshman would 
expect in a learned professor." After his separation from the ooUege 
he was attached to the Army as a topographical engineer. 

The mathematical professor for the next four years was Ctoorge Black* 
bum. He was a graduate of Trinity Gollegf", Dnblin. He tanght in i 
military academy in Philadelphia; afterward he was teacher in Yirgini^ 
and was then called to the chair of mathematics and astronomy in Will- 
iam and Mary GoUege. Thence ho went to the Sonth Carolina Gollegt 
In 1812 he was employed by the State of South Garolina to ran Oc 
boundary line between North and South Garolina. An old Btodot 
says of him : ^< He was a man of quick and vigorous understanding, ib 
able mathematician, and a most excellent instructor." Another : <* Vio- 
fessor Blackburn was a first-rate mathematician ; he taught mathemafr 
io8 as a science, and not as a matter of memory. From him I leanwd 
the demonstration of many difficult problems ; and with his aid I nndO' 
stood much of that abstruse and difficult science as applied to natonl 
philosophy and astronomy." He made students think. Whatdetraoted 
somewhat from his power as a teacher was his irritability. 

In the better colleges of that day, the curriculum in mathematics en- 
braced a short course on fluxions, or calculus. Though the plana of 
study included then about all the subjects pursued in the averagi 
American college of to-day, these subjects were not taught with tie 
same thoroughness. Moreover, wo are now teaching at least twice ai 
much under each branch as was taught at the beginning of this oentoiy. 
In consequence of this, students of former times began the stady d 
fluxions when, for lack of prepatory drill in lower branches, thej mn 
far less able to wrestle with the difficulties of the transcendental analyai 
than are our studentB of to-day. Professor Blackburn's teaching of the 
calculus, as narrate<l by M. La Borde, in his History of Sonth OardUni 
Gollege (p. 82), presents a picture of a Senior class vainly stmggliog 
with the intricacies of this subject. The class lost interest in the study 
and was very remiss in its attendance upon him, and those who dUi 
attend failed so completely in unraveling the mysteries of the tranaoen- 
dental analysis, as to force from the lips of the professor the remark, 
<^ that it might be that half of hi8 claims were very smart fellowe, fi>r be 
never saw them ; but the half who attended his recitations were as li^ 
bo^ous as oxen, but as stupid a« asses." It need hardly be said that 
this was the cause of a students' rebellion. 

After leaving the college. Professor Blackburn made latitude and 
longitude observations for the State map, under Governor Allaton. 
Later he settled in Baltimore, where, with Dr. JenningS| he foanded 
Asbury College. Uis last days were spent in Columbia, S. C. 

From 1815 to 1820, Christian lianckel, a Philadelphian and gradnabe 
of the University of Pennsylvania (class of 1810), was profeaeor of 
mathematics. He took holy orders at St. Michael's, Charleston, ^js 
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lain inducement to accept the chair was the chance to baild up 
■otpstant Episcopal Church in Colambia. On leaving the college, 

hsnt to St. Paul's Church, Charleston. 

* The requirements for a4lrais8ion ■were, accortUng to catalogue, at the 
ug, "arithmetic, inclmling proportion." Thi«t, most probnbly, 
"Sid not inclade fractions. lu 1836 the terms were " nrithmetic, inctd^ 
ing fractions and the extraction of roots. ", 

In the earliest course of mathematics at this college, the Freshmi 
took np arithmetic; the Sophomores, common and decimal fractions witK 
extraction of roots ; the Juniors, geometry, and theoretical and practi- 
cal astronomy; the Seniors, exercises in higher mathematics as directed 
by the faculty. Weare not certain that this curriciilnm embraced alge- 
bra. If taught then, it was a Senior study. Fractions were, it seems, 
not only not required for admission, hut were not studied before the 
Sophomore year. 

The course for the year 1811 was considerably stronger. The Fresh- 
men were instructed in vulgar and deoimal fraotions, with extraction 
of roots; the Sophomores had lectures on algebra; the Juniors studied 
Button's course of mathematics ; the Seniors had lectures by the " pro- 
fessor of mathematics, mechanical philosophy, and aslronomy. " From 
the anecdote told of Professor Blackbnru, ne know that at this time, OE, 
Boon after, "calculus" (probably fluxions) was taught in the foi 
year. 

KENTUCKY UNIVEESITY. 

About the year 17S5 was opened in Lincoln County, Kentucky, 
school called the Transylvania Seminary, Four years later it 
movedto Lexington, FayetteCounty, where, in 1790, was held " the first 
public college commencement in the West of which we have any record." 
On January Ij 1799, the TraosylTania Seminary and a similar school, 
called the Kentucky Academy, were united nmler the name of Transyl- 
vania University. The Transylvania University existed under this 
name until ISfifl, when it was mcrgetf in Kentucky University, and the 
consolidation has sinco been conducted under the name and charter of 
the latter. 

Little has been done, in the past, to preserve the history of these in- 
stitutions. Some of the records appear to have been lost, and those that 
are still extant give but little general iuformatiou. The data on the 
very special subject of mathematical teaching are exceedingly meagre. 
The little information we are about to give was kindly furnished us by 
President Cbas. Louis Loos, of Kentucky University. 

The records of Transylvania University «how that on September 16, 
179!>, "mathematics" was one of the subjects taught. On October 18, 
of the same year, the following books are mentioned in the mathemati- 
cal course : First year, " Geography by Guthrie or Morse ; algebra by 
Saunderson, Simsou's Euclid, six books; trigonometry and mensura- 
tion, Gibson ; Navigation, I'atoun or Morse ; Simson's conic sections." 
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Second year^ ^^ Natural philosophy and astronomy, Fergason." Theie 
data are by no moans destitute of interest. They show from what 
sources the young mathematician <^ in the West " drew his intelleotnal 
food, in early days. On October 20, 1799, Be v. James BIythe wai 
elected professor of '' science," which term was made to inolade matlv- 
matics. In 1803 the professor of science (J. BIythe) is called professor 
of mathematics and natural philosophy, and his duties were to teaek 
^(geography, arithmetic, algebra, geometry, surveying, navigation, 
conic sections, natural philosophy, and astronomy.'^ In 1805 the ooam 
was the same as the one just given, except that geography, arithme' 
tic, and surveying are not mentioned. 

The entry in the records for March, 1816, gives the following course 
in mathematics : 

Freshmenj first six books of Euclid, plane trigonometry, BarveyiDg^ 
navigation, geography^ Juniors^ algebra as far as affected eqnatioDi, 
spherical trigonometry, conic sections, natural philosophy, ancisnt 
geography^ Seniors j astronomy.^ In 1817 Webber's mathematies is 
mentioned as a text-book. 

THE UNITED STATES MILITARY ACADEMY. 

The germinal idea of the United States Military Academy was put 
forth by George Washington, who felt, probably more than any one 
else, the nece^ssity of having accomplished engineers in time of war. 
The Military Academy was established by Congress in 1802. The act 
was limited in its provisions and did not raise the academy above a 
military post, where the officers of engineers might give or receive in- 
struction when not on other duty. The major of engineers was saperin- 
tcndent, the two captains were instructors, and the cadets were papils.* 

The major was Jonathan Williams ) the two captains were William 
n. Barron and Jared Mansfield. 

Major Williams, in a report to the Government in 1808, gives as acme 
notion of the early instruction at the academy. He says that << The 
major occasionally read lectures on fortifications, gave practical leaaons 
in the field, and taught the use of instruments generally. The two 
captains taught niatheniaties, the one in the line of geometrical, the 
other in that of algebraical demonstrations." Mansfield taught aOao 
natural philosophy. He had previously been teacher of mathematics 
and navigation at New Uaven, and then at Philadelphia. He had pub- 
lished ^^ essays'' of some originality on mathematics and physios. 
They fell under the notice of Thomas Jefl'erson, and were the means 
that led to Iiis appointment by the President as captain of engineexi 
for the very ])iiri)Ose of becoming teacher at West Point. But after one 
year's teacliiiig ho was appointed by Jefferson, in 1805, to establish 
meridian lines and base lines in the Xorth-West Territory for the pur- 

* Tho U. S. Military Acadoiny at West Poiut, by P:award D. Munstield, LL. D. 
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^Kose of pnblic sarveys. His positioa remained vacant nntil his rctiiri^^^H 
Hpter the War of 1812. ^^^| 

^^ In ISOGAIden Partridge became assistant in matliouiatics. Ilewas^^^ 



a native of Vermont, bad entered Dartmouth College in 1802, but be- 
fore completing his course became cadet at West Point. 

Captain Barron was relieved in 1807 by Ferdinand B. Hassler, who 
continned there until 1810, whea he resigned. The followiug year he 
was called to the United States Coast Survey. Hassler was a Swiss. 
It was again the keen eye of President Jefferson that recognized the 
talent and secured the services of this foreigner, who bad shortly before 
landed on our shores, Hassler's teaching power must have been ham- 
pered somewhat by bis limited acquaintance with the -English lan- 
guage. While at West Point be began writing his "Elements of An- 
alytic Trigonometry," published by him in 1826. It was written in 
French and then translated for publication by Professor Eenwiok, 
From its preface we take the following : "It was the desire of inl 
ducing uito the course of mathematics at West Point the most nsi 
mode of instruction in this branch that led me to the preparation 
this work as early as the year 1807." Hassler was, no doubt, the flri 
one to teach analytic trigonometry in this country — the first one to 
card the o\^ " line-system." 

About the same time Christian Zoeller, also a Swiss, was made in- 
structor iu drawing. He was "ao amiablo man of oo high attain' 
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Down to the year 1812 the academy was in a chaotic condition. 
There was no regular corps of instructors, and no regular classes. 
There bad been no continuous study of any subject except mathe- 
matics. Referring to Hassler, Major Williams says in his report of 1808, 
" During the last year a citizen of eminent talents as a mathematician 
has been employed as principal teacher," and " being the only teacher 
designated by the law, he is the only one that, exclusive of the corps 
of engineers, can be said to belong to the institution." In conclusion 
the major says : "In short, tbe Military Academy as it now stands is 
like a foundling, barely existing among the monntains, nurtured at a 
distance out of sight, and almost unknown to its legitimate parents." 

In vain did Jefferson in 180S and Mailisou iu 1810 recommend to 
Congress the enlargement of the academy. It was notuntil the nation 
was roused by the shock of war that Congress began to act. In 1812 
Congress made liberal appropriations and passed an act reorganizing 
the iustitntion. The nest five years arc the formation period of the 
academy. The first refnrm to be accompbshed was the placing of the in- 
struction on a higher level. The first academic faculty was constituted 
as follows: Col. Jared Mansheld, professor of natural and experimental 
philosophy ; Andrew Ellicott, professor of mathematics ; Alden Part- 
ridge, professor of engineering ; Christian Zoeller, professor of drawing. 
We see &om this that Mansfield held now the same i)lace as in 1804, 
and Partridge was promoted from assistant to tbe rank of QcaCeoiO'c. 



iJ^ 



186 TEACHING A^T) HISTORY OF MATHEMATICS. 

Mansfield and Ellicott bad long been in tbc service of the General Gov- 
ernment and of State governments in the capacity of Burveyors a^id 
astronomers, and liud established a wiiio reputation for both their pnw- 
tical and theoretical knowledge of mathematics. But now they were 
old men, and their ideas were somewhat old-fashioned. The working! 
of this Aiculty were not altogether haimonious. Partridge, being 
strong-willed and eccentric, wanted to have everything his own way. 
Ue was removed from his place. The appointment of Mcyor Sylvaniu 
Thayer, in 1SI7, to the superintendency of the academy marks a new 
era in its history. 

Some notion of the instruction in mathematics at West Point between 
1812 and 1817 may be obtained from the Ibllo'viug extract from the cur- 
riculum which," in 1810, received the oilicial approval of the Secretary of 
War. 

^*' Mathematics. — A complete course of mathematics shall embrace the 
following branches, namely : The nature and construction of logarithms 
and the use of the tables ; algebra, to include the solution of cubic 
equations, with all the preceding rules; geometry, to include pidne and 
solid geometry, also ratios and pro])ortions, and the construction of 
geometrical problems, application of algebra to geometry, practical geom- 
etry on the ground, mensuration of planes and solids; plane >tTigonom- 
etry, with its application to surveying and the mensuration of heights 
and distances ; spherical trigonometry, with its application to the solu- 
tion of spherical problems ; the doctrine of infinite series; conic sectionSi 
with their application to projectiles; iluxious, to be tanghi at the op- 
tion of the })rofessor and studenf 

There was, however, no instruction in fluxions. E. D. Mansfield, in 
bis historical sketch of the academy, docs not include fluxions in the cur- 
riculum for 181C, but he remarks that calculus was added to the course a 
year or two later. The text book then in use was Hutton's Mathematics. 

Thus far the cailets were admitted to the academy without entrance 
examinations, and poor results were reached. Many cadets were unfit 
by prior study for the subje<its they had to pursue. Bank and assign- 
ment to the various army corps were not made to depend upon merit.* 

Self-taught Mathematicians. 

The foremost American mathematician of this time, like David Bit* 
tenhouse and Thomas Godfrey, had not enjoyed the privileges of a col- 
lege education ; like them, he was self-taught. We have reference to 
Nathaniel Bowditch.t 



• Tho College Book, (Hlito<l by Charles l'\ Richardson and llonry A. Clark, p. 816. 

tThis sketch id extracted from the Memoirs of Nathaniel Bo^rditch, by hiaiaon, 
Nathauiell. Bowditch (Boston, l>^30); from tho Disconrsi) on the Life and Character of 
Nathaniel Bowditch, by Alexander Younj; (Boston, 16%^); from the ealogy by Pro- 
fessor Pickerinfr (Boston, Irio"?), and from the eulogy by Judge Daniel A. White 
(Salem, 1838). A full list of Bowditch's mathematical X)iiper3 may bo foQud in th* 
Mathematical Monthly, Vol. II. 
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^ft It is iostractive to stndy llie Iiistory of iiis earty life and to aHcertain 
^Hu infliieucea under wLiuli Ms mind was formed. He was born at 
PBalem, Mass., in 1773. His parenU were poor, and bo bad often to coii- 
" tent Limself with n dinner consisting chiefly of potatoes, and at near 
approach of winter to cootiiiue wearing the thin garments of summer. 
Aft«r attending for a short time a (lame's school near Salem, he eo- 
tered Watson's school, which was the best school in Salem. It was 
wholly inadequate to furnish the ground-work and elemeuta of s re- 
spectable education. He entered the echool at the age of seven and 
remaiopd there three years. 

Bowditch early showed a great fondness for mathematics; but on 
account of his estremo youth his master refused to admit him to thU 
study until he bad procured from his father a special reqaest to that 
effect. On one occasion ho solved a problem in arithmetic which the 
instrnctor thought must be far above his comprehension. On being 
asked who bad beeu doing the sum for him he answered, " Nobody — I 
did it myself." He was then accused of falsehood and treated with 
much severity, 

When he was ten years old he left school to worlr in the shop of his 
father, who was a cooper. He received no regular instruction after 
leaving school, excepting a few lessons in book-keeping. He became 
Boon after an apprentice to a ship-chandler, and afterward was clerk 
in a large mercantile establishment. It was dnring bis apprenticeship 
that he disclosed that strong bent for mathematical studies. Every 
moment that he could snatch from the counter was given to the slata,; 
When he was only fifteen years old be made an almauac for the yi 
1790, coutainiug all the usual tables, calculations of the ecli] 
other phenomena, and even the customary predictions of the weather. 
When he was fourteen years old he one day got from an ehler brother 
a vague account of a method of working out problems by tettera instead 
ot Jiguret. This n6velty excited his ooriosity; he succeeded in bor- 
rowing an algebra, and "that night," says be, "I did not close my 
eyes." He read it, aud read it again, aud mastered its contents ; and 
copied it out from beginning to end. 

Subsequently he acquired access to an extensive scientiflo library of 
Dr. Richard Kirwan, an Irish scientist, which had been captured in the 
British channel by a privateer and sold to a society of gentlemea at 
Salem. This became the basis of the present Salem Atheneum. He 
found there the Philosophical Transactions of the Royal Society of Lon- 
don, from which he made full and minute abstracts of the mathematical 
papers contained in them. At this time be was too poor to buy books, 
and this was the only way in which be could manage to have them for con- 
venient reference. The title page of one of tbese manuscript volumes 
states that it contains, with the next volume, " A complete collection of 
all the mathematical papers in the Philosophical Transactions ; extracts 
from various eocyclopedias; from the Memoirs of the Paris Academy; ^^ 
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a complete copy of Emerson's Mechanics; a copy of Hamilton's Goniei; 
extracts from Gravesande's and Martin's Philosophical Treatises; ftm 
Bernoulli, etc., etc." What perseverance, what energy, what entfami- 
asm is displayed in this laborious work of copying I 

Bowditch was very fond of books, but having no guide in the selectfam 
of them his reading was at first of the most miscellaneoas characto. 
Thus he read every article in Chambers' EncyclopsBdia from beginning to 
end. He secured a copy of Newton's Principia,'but as it was pablished 
in Latin he began the study of that language that he might read that 
great work. By great perseverance he learned enough Latin to enablA 
him to read any work of science in it He afterward learned Frend 
for the purpose of having access to the treasures of French mathematical 
science, and at a late period of his life he acquired some knowledge of the 
German language. When twenty-one years of age he had read the im- 
mortal work of JSfewton, and there were few in his State who snrpassed 
him in mathematical attainments. 

Bowditch did not long remain in the situation of a merchant's eleik. 
His mathematical talent, in a town distinguished for enterprise^ eoiild 
not fail of being called into exercise in connection with the art of navi- 
gation. He became a practical navigator. Between 1795 and 18M he 
was on five sea voyages, all under the command of Oaptain Henry Pxinoe^ 
of Salem. 

The leisure of the long Eadt India voyages, when the ship was lasily 
swcei)ing along under the steady impulse of the trade winds^ afForded 
him line opportunities for pursuing his mathematical studieSi as wellu 
for indulging his taste in general literature. The French mathemati- 
cian Lacroix acknowledged to a young American that he was indebted 
to Mr. Bowditch for communicating many errors in his works, which he 
had discovered in these same long India voyages. It was his practice 
both when at home and when at sea to rise at a very early hoar in the 
morning and pursue his studies. He was often seen on deck ^'walking 
rapidly and apparently in deep thought, when it was well underatood 
by all on board that he was not to be disturbed, as we supposed he was 
solving some difficult problem, and when he darted below the concia* 
sion was tbat he had got the idea ; if he were in the fore part of the ship 
when the idea came to him, he would actually run to the cabin, and hto 
countenance would give the expression that he had found a prize." 

<^ He loved to study himself," says Captain Prince, <^ and he loved to 
see others study. He was always fond of teaching others. He woold 
do anything if any one would show a disposition to learn. Henoe,'' he 
adds, ^< all was harmony on board ; all had a zeal for study ; all were 
ambitious to learn." On one occasion two sailors were zealously dis- 
puting, in the hearing of the captain and supercargo, respecting sines 
and co-sines. As a result of his teaching, the whole crew, yea, even the 
negro cook, accinired the knowledge of how to compute a lunar obser^ 
vation. When the captain once arrived at Manila, he was asked how he 
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IDDtrived to find liis waj, in the face of a northeast monsoon, by mere 
1 reckoning. He replied, tbat " lie had a crew of twelve men every 
line of vrhom could take and work a Innar observation as well for all 
ictical purposes as Sir Isaac Sewtou himself, were he alive." Dur- 
bg this conversation Bowditcb aat *' as modest as a maid, saying not 
■a word, but holding his slate pencil in his mouth;" while another 
person remarked, that " there was more knowledge of navigation on 
board that ship than there ever was in all the vessels tbat have floated 

- in Manila Bay. 

At that period the common treatise on navigation was the well known 
vork of Hamilton Moore, which had occasioned many a shipwreck, but 
which Bowditcb, like other navigators, was obliged to use. He found 
it abounding with blunders and overran with typographical errors. 
Of these last errors many thousands of more or less importance were 
corrected in the early revisions of the work. Bowditch published sev. 
eral editions of Moore's works under tbat anther's name, but the whole 
book at leugth underwent so many changes and radical improvements 
OS to justify him to take it out on his own name. This is the origin 
of Bowditch'a Practical Navigator, the beat book on navigation then 
in esistence. The following particulars regarding the publication of 
this work have been handed down to ns : 

I The first American edition was printed in 1801, but not published until 
1802. The publisher, Mr, Blunt, took the work and a copy of Hamilton 
Moore, with all the errors marked, to England, called on the publishers 
of Hamilton Moore, and sold the printed copy of Bowditcb on condi- 
tion that the American edition should not be sold until June, 1802, to 
give them an opportunity to get theirs into the English market at the 
same time. The London edition was revised and newly arranged by 
Thomas Krrby, teacher of mathematics and nautical astronomy. It 
was recommended as an improvement on Bowditcb, but it contained 
many errors. This gave occasion to a British writer, Andrew Mackay, 
who published a rival work on navigation, to make Dr. Bowditch's sup- 
posed inaccuracies a particular object of attack.* This charge was em- 
phatically repelled by Bowditch in the new edition of 1807. 

From Harvard College Bowditch received the highest encouragement 
to pursue his scientific studios. In July, 1802, when bis ship was wind- 
bound in Boston, he went to attentl the commencement exercises at 
Harvard; and among tbe honorary degrees conferred, be thought he 
heard his own name announced as a master of arts; but it was not till 
congratulated by a friend that he became -satisfied that his senses had 
not deceived him. He always spoke of this as one of the proudest 
days of his life, and amid all subseq^uent distinctious conferred upon 
him from foreign countries, he recurr«d to this with greatest pleasure. 
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Ou quittiD^: the sea, in ISO.'J, ho was appointed president of an id- 
surauee company in Suloiu. tbc duties of which he continaed to dis- 
char;;o for twenty years, wIumi he accepted the position of actuary of 
the Massachusetts Hospital Life Insurance Company in BostoD. For 
many years lie discharged the duties of this ofllce with the greatest 
fidelity and skill. 

He was several times solicited to accept positions in various literaiy 
institutions. In 18UC he was chosen to (111 the Ilollis Professorship of 
Mathematics at Ilarvard. lie received from Thomas JeCferson the offer 
of the professorship of mathematics at the University of Virginia. 
Jefferson said in his hotter: << Wo arc satisfied wo can get firom no conn- 
try a professor of higher qualifications than yourself for oar mathe- 
matical department" In ISLM) he was asked to permit his name to be 
presented to the President of the United States to fill a vacant chair 
at the U. S. Military Academy at ^Vcst Point. Bowditch coald notbe 
persuaded to accept any of these positions. 

The work for which Bow<litch was for a long time exclusively known 
was his Practical Navigator. This gave him a wide-spread i^opnlaxity 
among sea faring people everywhere. Bowditch himself did not con- 
sider this work as one which would advance his scientific repntation. 
What established his celebrity as a man of science was not his Practical 
Navigator, but his translation, with a commentary, of the epoch-mak- 
ing work of Laplace, called the ^lecanique Celeste. 

Later on wo shall speak of this translation at length. Bowditch con- 
tribated many articles to the American edition of Uees^s Cyclopaedia. 

The question may be asked, how should Bowditch be ranked as a 
mathematician t In answer to this wc may say, that ho is acknowledged 
by all as having stood at the head of scientific men of this country, and 
to have contributed more to his country's reputation than any contem- 
porary scientist But a giant in Liliput is not necessarily a giant in 
another country. Though a man of great energy and intellcctaal powerii 
he can not be pronounced a first-class mathematician. He was a man 
of learning, but not a man of genius in the sense that Newton, LeibnitXi 
GhQss, Abel, Pascal, and Archimedes wore men of genius. The esti- 
mate that Bowditch made of his own capacities and gifts was, ia oar 
opinion, accurate, fair, and just. He did not overrate his talents, nor 
did he, with assumed humility, purposely undeiratc his powers. He is 
reported as having oncosaid, "People are very kind and polite, in men- 
tioning me in the same breath with Laplace, and blending my name 
with his. But they mistake both ne and him; we are very difEerent 
men. I trust I understand his works, and can supply his deflcieueies, 
and record the successive advances of the science, and perhaps append 
some improvements. But Laplace was a genius, a discoverer, an in- 
ventor ; and yet I hope I know as much about mathematics as Playfairl** 

The career of Bowditch furnishes us with an excellent illustration of 
how much may be accomplished through indefatigable energy and pei^ 
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' servanuo by a mind which, thongb naturally far above the average 
miod, in, Dcverlhelesa, lacking the po worn of real geniua. 

A mathematiciati of considerable local rejiatatloa uaB EdocIi Lewis 
(177G~1356). He was a uativc of PcDiisylvania and u Quaker. In 17!)9 
he became teacher of mathematics at the West Town Boarding School, 
established by the Society of Friends. He was the author of treatisM^ 
on arithmetic, algebra, and trigonometry. 

Under the tuition of EnoQh Lewis, for six months, at the Frieni 
Boarding School at West Town, was John Oummere, who was th* 
aboat twenty years old. Excepting in rending, writing, and arithmetic, 
he had received no instruction whatever op to that time. After teach- 
ing elementary schools for six years, he determined in 1814 to open a 
boarding echool in Barliugton. The following story characterizes the 
young man.* 

He determined to give courses of lectures in natural philosophy and 
chemistry, and proposed to his brotber, who had joined him in the 
school, that he should take the latter. The brother repl'ed that he 
had never opened a book on chemistry. "Neither have I," said John, 
*' on natural philosojihy." It was then objected that they could not 

! obtain the appropriate instruments and apparatus in this country. 

I "But we can get them," he said, "from London." It was suggested 

I that they might fail in so making themselves masters of their rcHpeot- 
ive subjects as to pursue them advantageously. " But we shall not 
fail," said he ; " only determiqe and tbe thing is half done." An order 
was sent to London for apparatus, both philosophical and chemical, a 
better supply of which was provided tor his institution (at an expense 
of several thousand dollars) than was to be found in any private insti- 
tution in this country. 

Oummere acquired considerable reputation as a teacher and wri 
He was for over forty years teacher in Friends' schools in Pennsylvania^ 
and New Jersey. He once declined tbe proffered chair of mathematiCB 
at the Dniveisity of Pennsylvania. He contributed astronomical papers 
to the American Philosophical Society. The most celebrated of his 
works was his Surveying (1814), wbtcb went through a large number of 
editions. It was more extensively known and more highly prized than 
any other work on surveying. His treatise on theoretical and practical 
astronomy was once used as a text^book at West Point and other 
leai^ling scientific institutions. In preparing it he had greatly profited 
by French models. 

Mention should be made here of the mathematical studies of Walter 
Folger, a lawyer, of Nantucket, They will throw light upon the kind 
of instruction which was then being given at our American ports, in 
iijght schools for navigators. After attending commoD schools, Fotger 
studied land surveying, iu which, without the least assistance, he be- 
came exceedingly skillful. " Iu the winter of I783-S3 he attended an 
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evening school in wbich lie stadied navigation^ and readily aeqnaintid 
Limself with these branches. Nothing of a mathematical chanctB 
seemed ever to present any difficulties to his mind. He mastered al- 
gebra and fluxions without assistance, and while in his teens he reid 
Euclid as he would read a narrative, no problem arrestibg* bis pro'gren: 
and yet, so little did he know of language, or of anything appertaining 
to it, that he had reached the years of manhood, as he often confessed, 
before he knew the definition of the word grammar J* ^ 

''His father finally succeeded in obtaining for him a work of navii^ 
tion, to which, for the first time, was appended Dr. Maskelyne's method 
of obtaining the longitude at sea by means of lunar distances. Thii 
delighted him, and at the age of eighteen, [when] prostrated with Bid- 
ness, he familiarized himself with the problem, and the engagement n 
diverted his mind from his infirmities that he speedily regained his 
strength. He immediately applied all his influence to ttie enconrage- 
ment of the use of this method among his fellow-townsmen^ then univer- 
sally engaged in the prosecution of whaling voyages. To nambers he 
gcive personal instruction, and the first American shiprmaster who de- 
termined his longitude by lunar observations is said to have been one 
of his pupils." A similar school was held in Philadelphia by Bobeit 
Patterson. 

Surveying of Government Lands. 

In a new and growing country like ours it was only natural that the 
art of surveying should have been early cultivated. But to a surveyor 
some knowledge of the rudiments of geometry and trigonometiy wu 
indispensable. As early as 1761 there was published, or reprinted, iu 
Philadelphia a work entitled, Subtential Plane Trigonometry, by Thomii 
Abel, presumably an English teacher. In 1785 there was reprinted in 
Philadelpia an edition of Kobert Gibson's Practical Surveying, which 
first appeared in Ijondon in 1767. This enjoyed an extended circnlaticm. 
In 1799 appeared in Wilmington the first popular American treatise on 
surveying, by Zachariah Jess, a teacher and practical surveyor, of Dela- 
ware. In the preface to Gummere's Treatise on Surveying (1814) we 
read : '^ The works of Gibson and Jess are the only ones at present in 
general use. The former, though much the better of the two, is de- 
ficient in many respects." In 1796 was published in New York, The Art 
of Surveying Made Easy, by John Love, and at Litchfield, An Accnrate 
System of Surveying, by Samuel Moore. In 1806 Eev. Abel Flint pub- 
lished his Geometry and Trigonometry, with a Treatise on Sarveying. 
Flint graduated at Yale in 1785, was tutor at Brown till 1790, after- 
wanl studied theology, and then became pastor at Hartford, Conn. 

The publication of Gibson's Surveying in 1785 was very timely, for 
it was in this very year that Congress passed an ordinance specil^ing 



• "A Brief Memoir of the late Walter Folger, of Nantucket," by WiUiam ICiteheU, 
in the American Journal of Science and Arts, second aeriea, Vol. IX, No. 27, Hay, UGO. 
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that snrreyorSy as they were respectively qualified, shoald proceed to 
divide the western territory into townships of 6 miles square by lines run- 
ning due north and south, and others crossing these at right angles as 
near as may be. Each township should be subdivided iuto lots of one 
mile square. This system was not universally approved, for it tended 
to delay the sale of public lands till they could be correctly measured. 
In the Madison Papers (Vol II, p. 640) we read that the Eastern States 
fgvored the plan adopted, while the Southern were *' biased in fovor of 
indiscriminate location." Kentucky and Tennessee adhered to the old 
^an of indiscriminate location. This occasioned so much litigation in 
fliose States that it has been said that as much money was annually 
expended there in land-title litigation as would defray their taxes for 
die support of the severest war. Lands surveyed by the United States, 
- OB the other hand, were comparatively without any legal difficulty. In 
[ ftd, one great object of the Government system was the removal of all 
tesptation to incur the curse pronounced by Moses on him ^< who re- 
■BTeth his neighbor's landmark." The comers of each section were 
onhlly located by marked trees, whose species, diameter, distance, 
ttd bearing were entered upon the field-notes. If the marked tree at 
ojone comer were destroyed, then its location could be determined 
torn the other corners. Though a great improvement on previous 
nodes of surveying, it is inaccurate and rude indeed as compared with 
tte refined triangulation surveys now carried on by the United States 
Coast and Geodetic Survey. 

Most conspicuous in the execution of the early Government surveys 
fere Andrew EUicott and Jared Mansfield. Ellicott was engaged in 
alarge number of surveys. At various times he was appoiuted com- 
■ieaioner for marking the boundaries of Virginia, Pennsylvania, and 
lew York; in 1789 he was selected by Washington to survey the land 
Ifing between Pennsylvania and Lake Erie ; in 1790 he was employed, 
fith his brother Joseph, in surveying and laying out the city of Wash- 
ington ;* in 1792 he was made Surveyor-General of the United States; in 
1796 he was appointed United States Commissioner, under the treaty of 
Bin Lorenzo el Beal, to determine the boundary between the United 
States and the Spanish possessions on the south. It is stated that he 
MDt observations to Delambre, of France, remarking that they were 
■ade by a ^^ self-taught astronomer, and the only practical one now in 
fte United States." This was after the death of David Eittenhouse. 
More prominently connected with the survey of the North- West Terri- 
tory than Ellicott was Jared Mansfield. lie was a graduate of Yale 
CoDege. In 1801 (t) he published Essays, Mathematical and Physical, 
from the perusal of his works alone the illustrious Thomas Jefierson 
faa induced to bring him into public life. In 1803 he was appointed 
nnreyor-general of the North-West Territory. His first work was to 
determine astronomically certaii^^ lines of latitude and the principal 
Boridians ob which the surveys were to proceed. To cati^ oul \Xa& 
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work astronomical iDstmments were needed. President JeflRerson » 
dered the purchase from London of a transit instrament, a teleseqw, 
an astronomical clock, and a sextant. The first principal meridian 1» 
gan at the mouth of the Great Miami ; the second at a point 5 mflei 
south-west of the confiueuce of Little Blue Biver with the Ohio; th 
third at the confluence of the Ohio and the Mississippi Rivera; the 
fourth at tlie junction of the Illinois and Mississippi; the fifth at the 
mouth of the Arkansas Biver. A large number of other raeridianB, or 
<^ base-lines," have since been established.* 

In view of the fact that our Government has had, all in all, neariy 
3,000,000 square miles of land to sell or to otherwise dispose of, and 
that the sale had always to be preceded by a survey, it must be evident 
that there was a demand for surveyors. They could earn a oomiian- 
tively easy subsistence while a student of pure mathematics miffht havi 
gone a begging for a living. About 1816 a friend of Gomte in this eoon- 
try warned that French mathematician and philosopher againsl the 
purely practical spirit that prevailed in this new country, and agaliut 
coming here, by saying: "If Lagrange were to come to the United 
States he could only earn his livelihood by turning surveyor." 

MATnEMATICAL JOURiS^ALS. 

The number of mathematical journals published in this ooantry stiwi 
the beginning of this century is much greater than one mi^ht aapposBi 
A full historical sketch of these perioiiicals has been given by Dr. David 
8. Hart in the Analyst (Vol. II, pp. 131-8, 1875), and wo shall makefirei 
use of his valuable article. 

The oldest mathematical journal in America was the Mathematioil 
Oorrespondent. It was established by gentlemen in New York and otbor 
cities, who had long felt the want of a periodical which shoold do ftr 
America what the Ladies' Diary had done for England. George Banm 
was editor-in-chief. It was to be issued quarterly. The first «iiomber 
was issued in New York City on May 1, 1804. ( h\\y eight numbers ever 
appeared. An essay in this magazine on Diophantine analysis, hf 
Bobert Adrain, was the first attempt to introduce the study of tills sab- 
ject in America. 

The main cause of the discontinuance of the journal lies in the png- 
udice which the editors, who were of Hibernian descent, entertaiusd 
against American authors. A contributor, who culled himself " A Bab- 
bit," was permitted by the editors to sneer at several works written hj 
American authors, such as Shepherd, Pike, Walsh, and others. The 
editors themselves also spoke in the most contemptuous manner of Col. 
Jared Mansfield, the superintendent of the Milit^iry Academy at West 
Point. Baron advertised on the cover of No. 2 of the Correspondent a 



• For further information on the early Hurveys, see Nilos's Register, Vol. XII, m, 
97,406;Vol. XVI, p. 3(52, 
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rtnre delivered by him in New York, which containB, as he says, 
mplete refatation of the false and spiirioiia priDciplea ignorantly 
sed on the public id the new American Practical Navigator, written 
f N. Bowditch." The sab-editora endorsed the above. But some of 
sse attacks, especially " A Rabbit'a," seem to have created trouble, 
a p. 154 the editor says: "* A Rabbit' will not in any future num- 
ber be permitted to propose questions concerning the blunders of stupid 
lepherds; we had rather soar aloft with the eagle than waddie in the 
tnd with iho goose." For some hidden reason, Biirou resigned th« 
litorship. Many of the subacribers neglected to pay, and the pB] 
K>n died out. 

I Th(* next periodical was the Analyst, or Mathematical Musenm, edited 
f Robert Adrain. The first number was pnblisbod in Fhiladelpbia in 
Five numbers only appeared. We have spoken of this periodical 
ifc some length when we wrote about Robert Adrain. It contained the 
Unable original work of Adrain on the Law of Probability of Errors. 
98ides the editor, N. Bowditcb, Alexander M. Fisher, and Melatlah 
STash were among the contributors to the Analyst. 

In 1818, William Marrat became editor of the Scientific Journal, which 
was published at Perth Amboy, N. J., in monthly numbers. Nine num- 
bers are all that are known to have appeared. The cause of the diacon- 
tinnance seema to have been the departure of Mr. Marrat for England. 
In lS2o Robert Adrain started iu New York a second periodical, the 
Mathematical Diary, which was published quarterly during the first 
two years and annually during the last two. The last number containa 
an excellent likeness of Lagrange, and a sketch of his life. After the 
first year the editorship of tbe journal passed into the bands of James 
Byan, the author of several matliouiAttcal works. In the preface to 
the first number of the Mathematical Diary, Uobert Adrain said : " The 
principal object of the present Utile work is to excite the genius and 
industry of those who have a taste for mathematical studies by afl'ord- 
Ing them an opportunity of laying their speculations befbre the public 
loan advautagi^ons manner. • • • It is well known to mathemn- 
ticians that nothing contributes more to the development of mathemati- 
cal genius than tbe cllbrEs made by the student to discover the solu- 
tions of new and interesling questions." These words may have been 
prompted by his own experience. We have already pointed out how 
the Analyst, which was edited by him seventeen years previously, was 
tbe medium of publishing the first proofs of tbe all important Laiv of 
the Facility of Error in Observations. 

Nearly all the more prominent mathematicians of America were 
tribntora to the Diary. Among them were Robert Adrain, N. Bo«« 
ditch, Theodore Strong, Eugene Nulty, Benjamin Peirce, BenjamJ 
Hallowell, William Lenhart, M. O'Shaunessy, Uenry J. Anderson, am 
others. 
In li)32 the publication was suspended on account of an unfortanal 
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qaarrel among tho mathematicianB. Mr. Samael Ward, a then reenl 
graduate of Columbia College, had in part the management of the M 
ifumber, in which he inserted a dialogue, written by himself, exhibitof 
in a ridiculous light Henr^ J. Anderson, then professor of mathematki 
at Columbia College. High words passed between the parties and tkdr 
friends, which resulted in the complete breaking np of the Mathemifr 
cal Diary. Samuel Ward was afterward editor of Young's AlgebA 
In later years he followed wholly different pursuits. He became kmm 
in Washington as the '' king of the lobby,'' and as the giver of the bol 
dinners of any man in America. 

According to Dr. Hart, a journal called the Mathematical Oompanioi, 
was started by John D. Williams in 1828, and continued for foor yeu 
The periodical, says Dr. Hart, was evidently gotten up as a rival of tte 
Mathematical Diary. The writer has never seen a copy of this periods' 
cal. There is one in the Harvard library.* Mr. Williams had Dsq 
opponents, and a bitter contest was carried on between the two partiei 
He finally issued his fourteen famous '^ challenge problema,'' directed 
against all the mathematicians in America, excepting only Dr. Ba» 
ditch, Professor Strong, and Eugene Nulty. Six of these are imposaibla 
All the others have been solved by several persons.t 

The periodicals which we have named were devoted entirely to mitL 
ematics. In addition to these there were publications which were givtt | 

* Dr. Artemas Martin sends ns the full title of the Journal, as found In Boltort 
Catalop^ae of Scientific and Technical Periodicals, 1G65 to 1882, pablishad by tb 
Smithsonian Institution, p. 360 — *'Tho Matheuiatioal Companion, containlni^ newi» 
searches and improvements in the mathematics, with collections of qaeations pnnKMi 
and resolved by ingeuious correspondents. Edited by Williams; 1 yol., 18 mo., Kev 
York, 1828-31." 

tin tho Educational Notes and Queries, edited by W. D. Henkle, Vol. IT, No.ll| 
Jannary, 1876, will be found a copy of a communication to a newspaper made bjr Jolm 
D. Williams iu 1832, containing the " fourteen challenge problems,'' and beginning « 
follows: 

« Messrs. Editors.—It is this day six months since, nnder the signatareof D^p^MilH^ 
I proposed through tho medium of your paper to the mathematicians of Ameiicai • 
collection of problems in Diophantlne analysis. No correct solution having aa yel 
been received to tho whole of them, I take this opportunity to fulfill my pledge to 
furnish such, and iucloacd they will come to your hands. I now desire to ze-piopoii 
them for the ensuing six months; and shall except from my challenge the Hon. Na- 
thaniel Bo wd itch, LL. D.,. etc., of Boston, Mass. ; Mr. Eugene Nulty, of Philadflt 
phia; and Prof. Theodore Strong, of Rutgers College, New Brunswick, N. J., aa^. 
The list of gentlemen challenged stands then as follows: Prof. Robert Adrain, Uni- 
versity of Pennsylvania : Honry J. Anderson, Columbia College, N. Y. ; Benjamifi 
Poirce, Ilarvaid University, Cambridge, Mass. ; Mr. J. Ingersoll Bowditoh, Bniton. 
Mass. ; Marcus Catlin, Hamilton College, Clinton, N. Y. ; M. Floy, jr., New York; G. 
Gill, Sawpitts Academy, N. Y. ; L. L. Inconnew, Cincinnati, Ohio; Benjamin Hallo- 
well, Alexandria, Va. ; Samuel Ward, 3rd New York— it being presumed that there ait 
none in tho United States with ilio exception of the above list would think of attempt- 
ing their solution/' Then follow the fourteen questions. All problems being In IMa- 
phantiue analysis would tend to show that this subject was then a oompaimtiYalj 
£avorite study. 
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Ato science, or to nseful iaronuation in general, bat which gave part of 
mieir space to a " matLematical department." Foremost among these 
Apia tlie Ladies ami Gentlemen's Diary, or Uaitfid States Almanac, etc, 
^■Ited by Melatiah N'asb, for the years 1S20, '21, '22. It contained much 
HIklaable information in astronomy and philosophy, enigmas, charades, 
Queries, and mathematical problems, to be answered in the succeeding 

JDombers, Other almanacs which generally contained mathematical 
■problems were Thomas's Almanac, pnbltsheci at Worcester, Mass., 
fivhioh existed for more than one hundred years ; the Maine Tarmer'a 

Almanac; two publications, each called the "Farmers' Almanac;" the 
■Kuickerlxjcker Almanac; the Anti-Masonic Almanac, commenced in 
■1828 at Bochester, N, Y. Other joarnals having a mathematical de. , 
apartment were the American Monthly Magazine, commenced in Xewj 
1 1 York in the year 1817 ; the Portico, which was started in Baltimore in .3 
tt]810 and continaed two or three years. 

J The mathematical joaruala spoken of were all of the most elementary 
ikind, and, excepting ffo. IV of the Aoalyst, which contained Adraiu'd 
I investigations on least squares, added nothing to the stock of matho- 
■ matical science. These jonrnals had an edncational rather than scieu- 

tiflc value. The proposal and solution of problems was the main work 
Hdone by their contributors. Kow, it will certainly be admitted that 
If aolving problems is one of the lowest forms of mathematical work, The 
-existence of mathematical journals shows that since the beginning of 
' this century there always were some jtersons interested in mathematics, 

bat the nnmber was so small that mathematical jonrnuiR never were <■ 
, a financial success. All the early mathematical periodicals had merely i 

an ephemeral existence. 
881— Ifo. 3 i 



III. 



THE INFLUX OP FRENCH MATHEMATICS. 

• 

Daring tho latter part of the eighteenth centary we see the Frend 
people rising with fearful unanimity, destroying their old institntiont, 
and upon their ruins planting a new order of things. With this {period 
begins the interest in popular education in France. A new impetus 
was given also to higher scientific education, which continoed to be fir j 
in advance of that of the rest of Europe. 

In 1794 was opened in Paris the Polytechnic School and in thefil" 
lowing year the Schools of Application. The Polytechnic Schod 
gained a world-wide celebrity. The professors at this institntion wm 
men whose names are household words wherever science has a votaif. 
Lagrange, Lacroix, and Poisson laid the basis to its coarse in analytia 
mathematics ; Laplace, Ampi^re, and others to that of analytical m 
chanics and astronomy. Descriptive geometry and its applications hid 
for their first teachers the founder of this science, the illustrions Monge 
and his celebrated pupils, Hachette and Arago. 

The success of the Polytechnic School was phenomenal. It was tii6 
nurse of giants. Among its pupils were Arago, Biot, Bourdon, Oanchji 
Chasles, Duhamel, Dupin, Gay-Lussac, Le Verrier, Poncelet, £egnauit 
The Polytecbuic School is of special interest to those who live in Ameriei} 
because the U. S. Military Academy at West Point was a germ from it 

Compared with the French mathematicians who flourished at thfi 
beginning of this century the contemporary American professors wert 
mere Liliputiaus. The masterpieces of French scholars were unknown 
in Auierica. What little mathematical knowledge existed here camfi 
to us through English channels. For that reason that epoch was called 
the period of the iutlux of English mathematics. As compared with 
colonial times, considerable attention was paid to mathematical stndiei 
during that period. But there was still a great dearth in original 
thinkers on mathematics among us. Tlie genius of our people was ex- 
ercised in difl'erent fields, and so the little seieiice we had was borrowed 
from others. 

But the time came when French writers were at last beginning to 

make their iufiuence felt among us. We reco;inized their superiority 

over the English and profite<l by it. Matliematical studies received! 

new impetus. But even then oars was not the ^lury of the sud, baft 
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only of tlie moon. The new period prodnoed among ns only one matht 
matician displaying real genias for original researcli. 

It ia naturally Immiliating to an American when a foreign mathema- 
tician like Todhunter, well known for the fairDesB and canJor of his 
views, proDounees a jadgtnent on Amerioans like the followiDg: "I 
have no wish to dfpreciate their labore ; I know that they possess able 
matbematicianB, and that in the department of astronomy they have 
produced meritorious works ; bat I maintain that as against ua their 
utmost distinction almost vanishes. And yet, with their great popula- 
tion, their abundant wealth, their attention to education, their freedom 
from civil and religious disabilities, and their success in literature, we 
might well expect the most consptcuons eminenee in mathematics."* 

THo thinking American will prononnce this cHtimiite of American 
mathematicians as entirely nnaouud ; it is, in fact, quite correct. The 
reasons for this want of productiveness certainly do not lie in auy lack 
of power in the American mind. They will be found rather (1} in the 
want of interest in and appreciation of abstract scientific work on the 
part of the American people, and (2) in the bad methods of matheinat- 
ical instrnction in our elementary and higher iustitutious of learning. 
There has been no incentive in this country for any large body of men 
to direct their life-work, day by day, in the line of mathematical inves- 
tigation. In former years our professors in colleges were, with few 
exceptions, overworked in the recitation room; their routine work 
absorl>ed all their energies, thereby rendering their minds nufit for 
original research. Again, every teacher had a stomach; his wife and 
children had stomachs; the human being must be fed; a livelihood 
must be earned ; the professor's salary was low; not nnfreqaently he 
had to add to his duties as instructor in college those of a preacher or 
private teacher, in order" to make his living. Such conditions were not 
favorable for the growth of science. 

But, in spite of all difficulties, there was mnch progress. The im- 
provements in mathematical text-books and reforms in mathematical in- 
struction were dne to French inSuences. French authors displaced the 
English in many of our best institutions. It is somewhat of a misfor- 
tune, however, that we failed to gather in the full fruits of the French 
intellect. We followed in the path of French writers whose works had 
ceased to bo the embodiment of the later results of French science; 
many of the works which we adopted were beginning to be " behind 
the times," when introduced in America. We used works of Bezont, 
Lacroix, and Bourdon. But Bezont flourished before the Freuch Uev- 
olutioo, and Lacroix wrote most, if not all, of his books before the be- 
ginning of this century. In ISil Catichy published in Paris his Oours 
tPAnalyse. If thoughtful attention and stmly had been given by our 
American textbook writers to this volume, then many a lax, loose, and 
unscientific method of treating mathematical subjects might t]La.v«, Vird:-^ 

'The CoiiSiot ofStaiUea aud Other E&aaya.bs LTQ4iia.ttt.M. \iUQ4a\i^\Sl'i,-^ -■**>- 
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corrected at the outset. Tbe wrotcbed treatment of inOnite s»i«i^ii 
foand Id all our text-books, extieptiug tlie most receut, might have bM 
rejected from the very bfginDJng. 

In tblnkiog of the inSiix of French mnthematics, we most gasA 
against the impression that Freucb authors and methods eDtirelf di» 
placed the English. English books continued to be Dsed ia someof 
our schools. Many an old English notion has remained with as to t^ 
present day. We still have the English veigbt^ and measures. Tbc 
old line-system in trigonometry, trbich we got from the £nglish,btt 
which they long since rejected, bas until very recently been fladtof 
favor among many of our teachers. 

There have beuu improvements in the methods of instrnction, Tmt 
not BO extensive t\s might bo wished. Traditional methods have long 
had almost full sway. The mathematical teaching bas beeu bad. Om 
of the most banefal delusions by which the mtud.s, not only of stadent^ 
but even of many teachers of mathematics in our classical coUece^ 
have been afSicted is, that mathematics can be mastered by the &TOTCd 
few, bnt lies beyond the grasp and irower of the ordinary mind, Btfi 
chimera has worked an untold amount of mischief in mathentatical edih 
cation. The students entered upon their studies with the feeling thil 
there was no use trying to learn u^athematics, and the teacher felt that 
there was no use trying to teach it. This humiliating opinion of the 
powers of the average human mind is one of the most unfortaaatc 
delusions which have ever misled the minds of American students aod 
educators. It has prevailed among us from the earliest times. In the 
latter part of the last century, the notion was general among ns that 
girls could not be taught fractions in arithmetic, and that lady teacben 
were unfit, for want of mental capacity, to give instruction in arithme- 
tic. Warren Burton says that a sobool-mistress " would as soon hare 
expected to teach the Arabic language as the numerical science." Bat 
this delusion has now vanished. The best instruction iu elementary 
arithmetic is now given by lady teachers. Among the contribators to 
the American Journal of Mathematics there are two ladies. In the 
same way the delusion will soon vanish that the average college stu- 
dent ie not able to grasp the more advanced branches of exact science. 
The trouble has beeu, all along, uot so much in the lack of ability in 
students, as in the wretched character of the mathematical instrQctioit 
Such is the opinion of Professor OIney, one of the most efficient drill- 
masters and teachers of mathematics that this country has produced. 
In the preface to his General Geometry and Calculus he says : " Kor ia 
it impracticable for the majority of students to become intelligent in 
these subjects. They do not lie beyond the reach of good common loinds, 
nor require peculiar mental characteristics for their mastery. The dif- 
ficulty hitherto has been in the methods of presentation, in the limited 
and totally inadequate amount of time assigned them, and more Uuu 
all in the precouceived notion of their abstrnseuess." 
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One of tlie canaes of the bad inatniotifin in onr colleges has been the 
system of tutorships. Fortunately, this ^ie of scholasticism is now 
rapidl.y disappearing. Young studeuts who seeded a skilled teacher of 
long experience to guide ttiem and to awaken' ia tkem a spirit of free 
inquiry were intrusted to iuesperienced youths'who had just gradu- 
ated from college, aud who had themselves neverfek the glow of the 
spirit of independent inquiry. Students did not find thsir mathematica 
interesting, nor did they understand it well. Their batted of mathe- 
matics bad its caase in these two facts, which stand in tli.K'^losest pos- 
sible connection with each other. " We niigbt say, either that lihestndy 
failed of being nnderstootl, because it was nn interesting, or that it 
awakened no interest, because it was not well understood. Both tJiese 
statementa were trne."* Professor Eddy truly says that very few 3tri- 
dents " do really become in auy true sense masters of the mathematical 
subjects which tbey study, or indeed have safficient practice in the 
principles which they attempt to learu, to be capable of judging whether 
they have been so mastered as to accomplish the ends which should be 
sought in mathematical training." The great desideratum in onr pre- 
paratory schools and colleges has been less memorizing, less cramming, 
more thorongh training in the fundamental branches, more object teach- 
ing, more drill, more frequent and well-guided original inquiries, greater 
freedom from formalism, a stronger spirit of free inquiry. 

Says Professor Eddy: "When, as often happens, our college grad- 
uates go abroad for post-grail oate stady in departments requiring pre- 
vious mathematical training, what do they find tlieir requirements in 
this direction to amount tol I think I may say that a large proportion 
of them flud themselves almost hopelessly lacking in the essentials of 
such training, and not at all fitted to make proper improvement of the 
advantages of which they have sough t to avail themselves. Our young 
men are unequal to the mathematical studies which those of the same 
age, but of European academic training, successfully carry. Now, 
where docs the difficulty lieS Sot in any inferior talent for these 
studies, as I have the best of reasons for believing, but from a lack of 
opportunity for obtaining a comprehension of the infinitesimal calculas, 
in which they usually find themselves almost wholly wauting." Nor 
are they always able to mauipulate, with any degree of ease, the more 
complicated expressions of ordinary algebra. They have been taught 
by a " daily lecture instead of a daily drill," a method of teaching which 
is like "explaining tactics instead of praetidug them," Or, whenever 
text-books were nsetl, " the rocitatiuns were mere hearings of lessons, 
without comment or collateral instruction ."t 

Professor Eddy's rominisceuoes of bis owu study of mathematics in 
college are not iileasant. Nor is Uis experience exceptional. Uu the eon- 

* "CoUpgB Mathemnlics," by Henry T. Eildy, in the PrnceedingB of the Amor- 
' nn Associntion fur the Ailvancemeut of Soi eoce, Vol. XXXIU, 1S84. 
t Harvard KtmiQieceaceB, by A. P. Peabody, p. '201. 
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trary it bas been tbe rale ratber tban tbe exception in oar classical oot 
leges. In reply to a reque8t s^kade by tbe writer to give his recpUeetioBi 
of tbe mathematical tedcbing at one of our oldest classical colleges, a 
now prominent profeBSor. of matbematics replied tbat he did not think 
be bad " any sncb recollections " as be ^' shonld care to pat in print' 
Another one gives bis reminiscences, bat marks bis letter '^x^eraonal and 
private.^ 

If oar classical colleges bad caaght something of the spirit that mart 
have prevaileii at the Polytechnic School in Paris in the days of Lft- 
. grange, Laplace, Lacroix, Ampere, when it produced sach thinkers ai 
Arago,'-0^ucby, Le Yerrier, then the list of oar prominent mathemati- 
ciaprs aiid astronomers woald doubtless have been doabled or triplei 
We- got from tbe French some of their old text-books^ bat we fiailedto 
catch their love of scientific study and inquiry. 

On a previous page it bas been stated that Americans had come to 
recognize the superiority of French mathematicians over the English. 
It should haVe been added that we did not see this superiority antil it 
was pointed out to us by the English themselves. The influx of French 
mathematics into the United States was preceded by an iuflax of French 
mathematics into England. In Britain there were men who had come 
to deplore the very small progress that science was makin^^ therci ai 
compared with its racing progress on the continent. In 1813 the 
'< Analytical Society'^ was formed at Cambridge. This was a small 
club established by Peacock, John Herschel, Babbage, and a few other 
students at Cambridge, to promote, as it was humorously expressed, the 
principles of pure ^^D-ism," that is, of the Leibnitzian notation in the 
calculus, against those of " dot-age," or of the Newtonian notation. This 
struggle ended in the introduction into Cambridge of the Continental no- 
tation (^) to the exclusion of the fluxional notation (y). This was a 

great step in advance, not on account of any great superiority of the 
Leibnitzian over the Newtonian notation, but because the adoption of 
the former opened up to English students the vast storehouses of Oon- 
tineutal discoveries. 

The movement against the fluxional notation began in this country 
almost ten 3*ears later tliau it did in England, and proceeded more 
quietly. John Farrar, of Harvard, translated from the French the Dit 

ferentialand Integral Calculus of Bezout, which employed theCoutioental 
notation, in 1824. Professor Fisher, of Yale, who died in 1822, published 
mathcinarical articles in Silliman's Journal, employing the new nota- 
tion. At an earlier date than this there were men connected with West 
Point who had been trained in the Continental system. Thus, F. R 
IXasslor, educated at the University of Bern, was teacher of mathemat- 
ics at West Point from 1808 to 1810. Probably neither calculus nor 
fluxions were taught there during that time, for, as late as 181G, we read 
in the West Point curriculum tha.t Jluxiojis were ^' to bo taught at the 
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I option of professor and stnilent." In 1817, Orozet, trnined at tbePoly- 
I tAchnic Sctiool in Paris, became teactier of engineering »t tbe Military 
I Academy. In tbia country bo, sometimes at least, used tlio Xewtoniaa 
I notation. He did so, for instance, in the Holntion, in French, of a prob- 
, lem which be published iu the Portico, of Baltimore, in 1S17. The 
, Leibnitziau notation must have been introduced at the Military Acad- 
emy Ti'ry hoon after the year 1817. 

fiubert A.drain used the Euglish notation in his earlier writings. In I 
the Portico, Vol. Ill, he does so, but in Naah'a Ladies and Gentlemen's 
Diary, No. II, published in New York, in 1820, be employs the notation 
dx. We are told that while he was at Columbia College, between 1813 
and tS2G, bo wrote a mannscriiit treatise on the Di£ferential and Integral 
Calculus, ^ye know also that be waa a diligent student of the works 
of Liigrange and Laplace, which contained tbe notation of Leibuita 
throughout. The first article in tbe Memoirs of the Americau Acad- 
emy of Arts and Sciences, which coataius tbe "d-istic" notation, was 
published in 1818 by F. T. Schubert, It is well known that Bowditcb 
began tlie trimslation of the Mi^caniquo Celeste of Laplace as early as 
1814. At that liniQ be was, therefore, thoroughly conversant with 
pure "D-ism," He hail been converted to the new "ism" on the long 
sea voyages, from 1795 to 1801, when he studied Lacroix's Calcalus. 
In general, it may be slated that tbe chunge of notation took pl.ice in 
tbe Uuiied States about tbe close of the first quarter of this century. 

The publication of Bowditub's Laplace, began in 1(420, gave a pow- 
erful stimulus to tbe study of French mathematics and to tbe general 
advancement of mathematical learning in America. Says Edward 
Everett : " Tliis may be considered as opening a new era in the history 
of American science." 

This may be a convenient place to consider that work at some length. 
As it originally appeared iu Franco, the M^cauique Celeste was de- 
scribed by tbe Ediuburiih Review, ouo of tbe h ad iugscientidc journals 
in Great Britain, as being of so abstruse and profound a character that 
there were scarcely a dozen men in ail that country capable of reading 
it with any tolerable facility. These remarks created great curiosity 
in Bowditcb to explore the work. Me began translating it in 1811, and ' 
pursued it with sucb ardor and peraisteaue that be accomplished it in ^ 
only two yea ra- 
in order to state briefly the object of the work of La Place, we quote 
from his preface to it is follows: 

"Toward the end of the seventeenth century, Newton pnblisbed bis 
discovery of nniversal gravitation. Matbematicians have eiuce that 
epoch succeeded in reducing to this groat law of nature all the known 
phenomena of the system of the world, and have thus given to tbe theo- 
ries of the heavenly bodies and to astronomical tables an unexpected 
degree of precision. My object is to present a connected view of these 
theories which are now scattered in a great number of works. The 
whole of the results of gravitation uyoa ttift e(\\3il\\iia\i.\fi. wiiS, ■s^a'vNSs'aa 
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of the fluid and solid bodies which compose the solar system and tk 
similar systems existing in the immensity of space* constitate the dyed 
of Celestial Mechanics j or the ni)plication of the principles of mechai- 
ics to the motions and figures of the heavenly bodies. Astronomy, cod- 
sidered in the most general manner, is a great problem of mechaoici 
in which the elements of the motions are the arbitrary constant qaantl- 
ties. The solution of this problem depends, at the same time, npon tbe 
accuracy of the observations and upon the perfection of the analyai 
It is very important to reject every empirical process, and to completie 
the analysis, so that it shall not be necessary to derive from obsem- 
tions any but indispensable data. The intention of this work is to 
obtain, as much as may be in my power, this interesting result.'' 

Though the translation was completed as early as 1817, the pnbliO' 
tion did not begin until 1829. In 1817 the income of Bowditch was so 
small that he could not afford to have the translation published. The 
American Academy of Arts and Sciences offered to publish the work at 
their own expense. He was also solicited to publish it by sabseriptioo. 
But his independence of spirit induced him to decline these propoflili 
He was aware that the work would find but few readers, and he did doc 
wish any one to feel compelled or to be induced to subscribe for it. M 
he should have it in his power to say, ^' I patronized Mr. JBowditchbf 
buying his book, which I can not read." Later on he was able to eait 
mence the publication at his own expense. 

The objects which Bowditch endeavored to accomplish by his tmiif 
lation and commentary, as stated by his biographers, were as follows: 

(1) To supply those steps in the demonstration which could not be 
discovered without much study, and which had rendered the originil 
work so difficult. The difficulty arose not merely from the intrinsic com- 
plexity of the subject and the medium of proof by the higher brancho 
of mathematics, but chiefly from the circumstance that the author, 
taking it for granted that the subject would be as plain and easy to 
others as to himself, very often omits the intermediate steps and con- 
nectiiig links in his demonstrations. He jumps over the interval and 
grasps the conclusion by intuition. Bowditch used to say, <*I never 
come across one of Laplace's ' Thus it plainly appears^ without feeling 
sure that 1 have hours of hard work before me to iill up the chasm and 
find out and show how it ])lainly appears.''* 

(2) The second great object of the translation was to continne the 
original work to tlic present time, so as to include the many improve 
nionts and discoveries in mathematical science that had been made I 
during the twenty- five yoars succeeding the first publication. It is 
gratifying to know that the most eminent of contemporary mathemati- 



* **Tlio Mt:(:uui<inc C<?lc8te is by no raeaiiH easy resuling. Biot, who assisted Lft- 
pliieo in revising; if. for thu press, says that L.-ipIace liiiiisulf was freqiiontly nuable 
to recover tlio <letaiU iu tbo chain of re^soriiii;jj, and if satisfnid that the conclasions 
wore correct ho was coiitfnit to in.sert thct eonsiantly recnrrin<; foriuula, 'II eat aMi 
voir.' " W. \V. R. Ball's Sh'jrt History of Mathemaiic%y p. H^. 
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Mans pronouDoed his commentary a saccess, aii<I agreed that Bowditoh 
liatl attained the end he had iQ view, uumely, to bring the work up witJi 
ihe ticaea. Says Lacrois, Jaly 5, 1836 : " I am more and more aaton- 
bhed at a task so laborious and exteusive. I perceive that you do not 
D yourseli to the mere text of yoar author and to the elncidations 
trliicb it requires, but you subjoin the parallel passages and snbse< 
^nent remarks of those geometers who have treated of the sarqe sub- 
Ifects ; so that your work will embrace the actual state of the science at 
the time of its publication." Legendre, July 2, 1832, says : " Your work 
8 not merely a translation with a commentary ; I regard Id as a new 

lition, angmeuted and improved, and such a one as might have come 
rfroin the hands of the author himself, if he had consulted his true inter- 
est, that is, if he had beeu solicitously studious of being clear." Mr. 
Babbage, of England, August 5, 1833, says: "It is » proud circum- 
stance for America, that she bas preceded her parent country in such 
au undertaking ; and we in England mnst be content that our language 
is made the vehicle of the sublimest portion of human knowledge, and 
be grateful to you for rendering it more accessible." Similar testimony 
was given by Bessel and Encke in Germany ; Puissant in France; Sir 
John Herschel, Airy, Francis Baily in England, and Oacciatore in Italy. 

Bowditch once remarked that however flattering the tesdmony from 
foreigners might be, yet the most grateful tribute of commendation he 
had ever received was contained in a letter from a backwoodsman of 
the West, who wrote to bim to point out an error in his translation of 
the M^canique Celeste. " It is an actual error," said he, " which had 
escaped my own observation. The simple facttbatmy work had reached 
the hands of one on the outer verge of civilization who could under- 
stand and estimate it was more gratifying to my feelings than the 
eulogies of men of science and thecommeudatory votes of Academies." 
In America, many college professors -were enabled by means of the trans- 
lation and commentary to read and understand the Mi^canique Ct^'lcste, 
who would otherwise have looked upon this work as a sealed buok. 

During thofirstthirty-fiveorfortyyearsof this century but little was 
accomplished in this country in the line of astronomical observations. 
More was done in that respect during the days of David Ritteuhonse 
than in the early part of this centnry. But, all at once, a great impetus 
Wiis giveu to this kind of scientific work. In 1S3U was erected the Yale 
College Observatory ; in 1831 the observatory at the University of North 
Carolina ; in 183fi the Williams College Observatory ; in 133S the Had- 
Bon Observatory, Ohio; in 1840 the Philadelphia lligh School Observ- 
atory and the Wejjt Point Observatory ; in ISIU the National Observa- 
tory at Washington. Since then a largenuinberof other observatories 
with excellent instruments have been built. 

A plan for a National Observatory was tinbmitted to the Government 
bj- Mr. Uassler, in'his project for tbe survey of ibe Atlantic coast, as 
early as ld07. The proposition met with do favor. For many years 
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Congress opposed every such scheme. John Qnincy Adams, in hii 
annual message of 1825, strongly urged this subject upon the atten- 
tion of Congress. In one place he said, ^' It is with no feelings of pride, 
as an American, that the remark may be made that, ou the compara- 
tively small territorial surface of Europe there are existing^ upward 
of one hundred and thirty of these light houses of the skies ; while 
throughout the whole American hemisphere there is not one." Presi- 
dent Adams's appeal was received with a general torrent of ridicule. 
^'The proposition," says Loomis,* ^^to establish a light-house in the 
skies became a common by-word of reproach." It was not till 1812 
that an appropriation was passed for an observatory, under the disguised 
name of a '^ Depot of Charts and Instruments." 

It need hardly be said that in later years the U. S. Government hai 
been very liberal iu the encouragement of science. 

Elementaey Schools. 

The beginning of this period is marked by a great revival of element- 
ary education. Pestalozzian ideas had gained a foothold in England, 
and were now commencing to force their way into the western conti- 
nent. In 1806 F. J. N. Seef, once an assistant to Festalozzi, came to 
this country, and began teaching and disseminating the ideas of the 
Swiss reformer. The first fruit of Pestalozzian ideas in the teaching 
of arithmetic among us was Wnrren Colburn's Intellectual Arithmetic 
upon the Inductive Method of Instruction, known as the ^' First Les- 
sons," 

Warren Colbuni worked, while a boy, at the machinist's trade. 
He then entered Harvard an<l graduated in 18J0, having ^^ mastered 
calculus and read a large part of Laplace." lie then taught a select 
school in Boston. At this time he began ])ropaiing his little book. Of 
special interest is the following statement of JMr. Batchelder, of Cam- 
bridge, which shows how the First Lessons were i)repared : ^^ I remember 
once, in conversing with him with respect to his arithmetic, he remarked 
that the pupils who were under his tuition made his arithmetic for him; 
that he had only to give attention to the qncHtions they asked and the 
proper answers and explanations to bo given, in order to anticipate the 
doubts and ditHculties that would arise in the minds of the pupils." He 
had read Pestalozzi, most probably, while in college. Amaunscript 
copy of his First Lessons was furnished by Colbuni to his friend George 
B, Emerson for use in a school for girls, and the former received valua- 
ble suggestions from the latter. The success of the book was almost 
immediate. No school-book had ever had such sale among us as this. 
Over three and one-half million co])ies were used in this country, and it 
was translated into several European languages. 

Colburn's First Lessons embodied what was then a new idea among us. 
Instead of introducing the young pupil to the science of numbers, as did 






* Ki'ceiit Pr<)i;re.s.s in Astruuomy, especially iu tho Uuited States, by Elios lioomia. • 
Now York, Js50, p. 205. 
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^Bd Dllworth, by the question, " Wh&t is arithmeticf " and the sittswer, 
^K&,rithmctiR is the art of science olcoiuiiuting by unmbers, either whole 
^H in fiactioDs," lie was initiated into this scieLce by the following sim- 
^HU question : " How many thuiiiba have yon on yonr right hand t ilo^ 
^Hnny on yonr left 1 Hew many on both together 1 " The idea was 
^Pvegin with the concrete and known, instead of the abstract and nuknowili 
and then to proceed gradouUy and by success! veatepa to subjects more 
diflieult. In the publication of this book, the study of aiitbnietic in the 
schools of this coaniry received its best impulse. " It led to the adoption 
of methods of teaching tbat have lifted the mind from the slavery of 
dull routine to the freedom of independent thought." (Edward Brooke.) 
Colburn's First Lessons was followed in 18:i(i by his Arilbmetic upon 
the Inductive Method of Instruction, being a Sequel to Intellectual 
Arithmetic. This was considertd by its author to be superior to the 
First Lessons, butit did not meet with so great success. In 1825 he pub- 
lished bis Algebra upon the Inductive Method of Instruction. Mr. Gol- 
biirn did not long engage in teaching, Three years after graduation from 
college he was appointed superintendent of a manufacturing company 
at Wallham, and, soon after, of one at Lowel), Muss. He possessed 
great mechanical genins and admiuitttrative ability. 

Though the First Lessons met with rt-ndy aptireciation in New Eng- 
land, it must not be imagined tbat there was uo opposition to it, Utd 
notions could not be laid aside at once, and even where tho new ideatt;: 
bad gained entrance, new books could not always bu bad readily, 
Now-a days we are apt to forget the difiicuUy and expeuse of trans*' 
portation during the times preceding our railroad era. fciays J. fitodc- 
ton, in the preface to bis Western Calculator (fourth edition, 1< 
Pittsburg, Pa.), "to furnish our numerous schools, in the western (1) 
country, with a plain and practical treatise of arithmetic, compiled and 
printed among ourselves, thereby saving a heavy annual expense in 
the purchase of sticb books, east of the mountains, and likeirise the car- 
riage thereof, have been the motives which induced the compiler to 
undertake this work." 

In spite of all obstacles Colbnm'a books gained ground steadily. 
Other books were writteu upon the same idea by difl'erent teachers. Old 
books underwent revision, eo as to embody the new methods in part. 
Thus, th^ celebrated School masters' Arithmcticof Daniel Adams, first 
published in 1^01,wasmadetonnde^goa^udicalcllauge. Theoldwork 
was "synlbetic." "If tbat be a I'anlt of the work," eays the author, 
" it ia a fault of the times in which it appeared. Theanalytic or induc- 
tive method of Pest^lozzi • • • ia amoug the improvements of later 
years. It has been applied to arithmetic with great ingenuity by Mr, 
Colbum in our own country." " Instructors of academies and common 
schools have been so long attached to the old synthetic method of in- 
atruction, that, unhappily, many are still (IfCU) strongly opposed to 
the introduction of the valuable works of Colburo." " Tiiis (Adams'a^ 
work combines the new and Uie old." 
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The prejit snccesa of CoIljDrn's "book did not prevent tbe 
of arithuietival norkfl that were quite aa worthless as any of eaiiie 
years. There appeared others, ou tbe other hand, which poHseaeedti 
little merit and became very popular. As examples of Ibe latter n 
would inentioD the aiithmetits of the two brotliern, Beojaniin D.vA 
Frederick Emerson, both of whom were well-known teachers in Bostos. 

Tbe arithmetics of later days are combiaations of the old, as fonitdii 
our early arithmetics, and the new as found in tbe works of Colbm 
For exniuple: Our old arithmetics generally rejected reasunlDg, bn 
gaTe rules; Colbnrn'8book8rejectrules,bntencouragereasoninp. "Hi 
better class of our later arithmetics contain rules, but, at the same 
give demonstrations and encoarage students to think. 

About the year 1823 or 1830, tbe French notatiou of norabetsbepi 
rapidly to displace the Bngltsh. Large numbers came to be niarkedd 
in periods of three digits instead of six. The earliest l>ook in vhichn 
have noticed tbe adoption of the French notation is Kobert PatterwKri 
edition of Dilworth's School-ni aster's Assistant, Philadelphia, 1805; tbi 
latest in wLicb we have seen tbe English notation used is M. Oibeon'i 
revised edition of Abijab and Joaiab Fowler's Youth's Assistant', Jod» 
borough, Tenn., ISiiO, 'Some of oar receut books explain both, batut 
the French. 

It is a rather curious fact that the process of cancej/atton did not con) 
to be generally used in our arithmetics before about 1850. lu 1840 t 
Tracy published an arithmetic in vfhich cancelliDg was freely nsed,( 
feature whiL'h was then "entirely peculiar to this treatise," and wbid 
distinguished it ''from all others." John L. Talbott's Practical AiiHi- 
metic (UineiuDati, 1853) gives the "cancelliug 8y8tem,''botonlyinthe 
appendix, and remarks in the preface to it, *'!□ Europe this systfiS 
has been very geuerally adopted in the higher echools, and in this COOD' 
try it is fast becoming known — and, so far as it is known, it snperaedei 
the usual modes of operation," Charles Daviea takes pains to remart 
on the title-page of his Uuiveraity Arithmetic (1857) that " the mo<t 
improved methods of analysis and cancellation" have been employed. 

The order in which the various arithaietical subjects have come to be 
taught has been generally improved upon. Federal money and 
pound interest no longer precede common and decimal fractioos, but 
come after them. Fractions have been moved niucb further toward llie 
front part of our books. The placing of fractions toward the end of 
arithmetics had been due to the I'act that the majority ofpupils in olden 
times did not pursue mathematics long enough to master fractions, and 
were thus put through a course in arithmetic with only integral nam- 
bers. Those who did study fractions were made to learn tbe rules of 
intei'est and proportion over again "in vulgar fractions," and theuagt^o 
"in decimal fractions." Some of the old topics, such as single and 
double position, have since been quite generally dropped, but we think 
that there iaatillroomforimprovementiD that respect. £othiu|; woal4 
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f be loHt and mucli gained if alligatiOD, square and cobe root, tnensai 
■• tiou, and some of tlie more difficult appLicatiocs of percentage ehoald' 
» be dropped from oar arithmetics. At least one uew eubject liaa beea 
I quite generally and, wethiiik,appropriateiy introduced into our books — 
I tiie metric system. 

I Before the time of ColbnrD, mental arithmetic Tvas quite nnknowu in 
f our schools. Since then mental and written arithmetic have not always 
I beeu so closely united as the; should be. The methods used in the two 
I were frequently quit€< diverse. Too often they were taught almost like 
I distinct scienct^s, so that a pupil might be quite proticieut in thb one 
without knowing anything of the other. 

Grnbe's method of teaching numbers to children has been in use 
among us, especi'illy in the East, but has never been generally adopted. 
It is such a reliaed method that few teachers possess the skill to apply 
it readily. The method has a desirable tendency to train ready and 
rapid calculators, and has much to commend itself to teachers.' 

Since the beginning of this century arithmetic has 'come to be 
garded as the most important, because the most practical, science ii 
our elementary schools. Every farmer wished his sons to be good 
culators; every business man desired to be "quick at figures 
its value was high in the estimatiou of all. Bookmakers were quick to 
profit by this sentiment. They began to multiply the number of test- 
books in the course nntU there were two books iu mental arithmetic, 
and three in written, in several of the series iu general use. Aa a rule, 
- the examples iu onr arithmetics have not been well graded; difficult 
examples have been introduced so early in the course as to embarrass 
and discourage even the best students. Many examples were regular 
puzzles, uot only t^ young boys aud girls, but to almost any one not 
trained in algebra. There are numerous problems that should never 
have found a place iu our arithmetics. We could quote from arithme- 
tics dozens and dozens of such problems, but we shall give only one. 

The 13Tth problem of the miscoUaueous questions in the third part 
of Emerson's North American Arithmetic, published in 1835, is as fol- 
lows: 

If 12 oxen eat np 3|^ acres of gtasB io 4 weeka, ami 21 oxen eat up 10 twrea in 9 
-neeks, liuir maa; oxen will eat up 24 acres in IS weelui tbe graaa being at &nt 
equal on evorj acre, and growiug UDlformly. 

The idea of placing a problem of sach difficulty in a book for bo^ 
and girls! The history of this problem in this country shows verj^ 
plainly that it is beyond the power, not only of pupils, but even of* 
teachers of arithmetic. Many teachers whose minds had been trained 
by the study of algebra and geometry and, perhaps, even higher 
branches of mathematics, wrestled with it in vain. There existed so 
much uncertainty regarding its true solution that a premium of fifty 

* Kor fiirtber information on Qrube's method, see Prof, T, H. Saffotd'a monografil] 

oD Mathematical Teaobing, pp. 19. 
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dollars was offered in June, 1835, for the most << lacid analytical Mb 
tion'^ of this qaestion. A committee was appointed, with P. Mactii' 
tosh as chairman, to examine the solutions presented and award tk 
' prize. The committee reported 112 solutions roceived| of which onh 
48 gave the true answer, and awarded the prize to Mr. James Bobin- 
son,* principal of the department of arithmetic^ Bowdoin Sohooly Bos- 
ton.* 

Think of it! Out of 112 of, presnmably, the best arithmeticians ii 
the country, only 48 got correct results ; and yet this problem was in- 
tendeil to be solved by boys and girls. 

But the history of our problem is not yet complete. Nearly twenty* 
five years later a revision of Mr. Hobinson's solution was sabmittedto 
the National Teachers' Association, at Washington, by the Hon. Fialej 
Bigger, then Register of the U. S. Treasury ; it was referred to the Mstt- 
ematical Monthly for publication, and was printed in Vol. II, NaS, 
December, 1859, pp. 82-85. Mr. Bigger assumed, "for the purpose of 
elucidation," that the question was susceptible of two ooastractionB, 
and obtained two answers in addition to the true one. The editor of 
the Montlily appended an algebraic solution, and showed that then 
was only one answer that would satisfy all the conditions of the prob- 
lem, and that Mr. Bigger was wrong in his conclusions. 

There is no ambiguity in the problem. Twenty -three years later, Di 
Artemas Martin published several solutions of the problem ia theMathfr 
matical Magazine. Dr. Martin does not consider Mr. Eobiason's 801o- 
tion very ^Mucid," and pronounces it liable to at least one other obj6& 
tion — it makes '^ mincemeat" of the oxen, inasmuch as fractions of oxen 
occur thronghout the aualj'sis of the question. 

There is another curious fact connected with the history of this prob- 
lem. Keither Mr. Emerson, nor the committee, nor Mr. KoblDson, nor 
Mr. Bigger, nor the National Teachers' Association, nor the Mathe- 
matical Monthly, allndcs to the fact that the question is taken from the 
Arithmctica Univcrsaiis of Sir Isaac Newton, published in 1704, which 
contains a ^' lucid analytical solution." Mr. Emerson's statement of the 
. problem diflers from that of Xewton in this, that, owing to a misprint, 
the fraction A instcnd of ^ is given by the former in the number of acres 
contained in the first ]>asture, which mistake produces the absurd result 
of 37{t? oxen, instead of .'iO. The above question goes by the name of 
the " pasturage problem." 

There exists a general feeling among mathematicians and edacaton 
that the teairhing of arithmetic has Iummi overdone in our schools. 
Pan^nts have drsirrd their older boys to be good mathematicians. Bat 
they failed to pontt'ive the truth that the best review of arithmetic con- 
.'iists in the stu<ly of algebra; th(»y looked upon algebra as utterly des- 
titute of value. In conseouenee the boys have been made to waste 



* lIi>n<lii(^!:sVs Aiiulysf, Vol. Ill, p. 7r>; also tho ^lathomutical Magazine, edited bj 
Dr. Ai'tciiiuy M.-uliUy Vol. Ij pp. 17 aud 43. 
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Eir time at the etudy of oircalatin^ decimals, difficult problems ia 
3k8 and cxchango, in general average, in alligation medial and alliga- 
tion alternate, in square and cube root, and lu combinatioDs and per- 
mntatione. From the manneria^rbich these subjects bare been treated 
in onr arithmetics, a student derives very little mental training from 
them. The presentation of daodecimals is not only unptiilosopbii 
but decidedly absurd. 

Protests have been made from time to time against the over-study 
aritbtnetic. Thus in ISGQ the Superintendent of Public Instrnotion 
California said in his Report (p. 119): "The craclt classes are tbe 
arithmetic classes, and the merits of a whole school not nnfrequeutly 
rise or fall with the exploits of the first class in arithmetic on 'examina- 
tion day.' Arithmetic is well enough in its place, but the sky is not a 
blackboard, nor are mountains all made of chalk. Children have facul- 
ties other than that of calculation, and they need to be exercised oti 
appropriate subjects." This doubtless voices tho sentiinents of many 
thinking teachers. Five years ago the writer heard Prof. Simon New- 
comb, in a lecture at the Johns Hopkins Univeraity, protest againstex- 
isting practices in the teaching of arithmetic. 

Says Prof. T. H. Bafford,' of Williams College: "Tho mathematics 
have their (disciplinary) value, and » very high one it is ; but tbe lower 
mathematics, especially arithmetic, have been overdone in a certain 
direction; I mean that of riddles, puzzles, brain spinning, as the Ger- 
mans call it. While our boys and girls are given problems tfl solve 
■which quite exceed their thinking powers— I don't suppose I could ever 
have gone successfully through Oreenlears Kational Arithmetic till I 
had graduated from college — their minds are quite undeveloped in the 
power of observation, and tbey areol^en imperfectly truined in tho four 
ground rules, especially in decimal fractions."" 

A very remarkable and encouraging step toward reform was taken 
in 1^7 by the Boston School Board. It passed tbe following orders coD> 
cerniug tbe stndy of arithmetic:t 

" 1, Home lessons in arithmetic should be given out only in excep- 
tional cases. 

*' 2. The mensuration of the trapezoid and of tbe trapezinm, of tbe 
prism, pyramid, cone, and sphere ; compound interest, cube root and 
its applications ; equation of payments, exchange, similar surfaces, met- 
ric system, compound proportion, and compound partnership, should 
not be included in tbe required course. 

" 3. All exercises in fractions, commission, discount, and proportion, 
should bo confined to small numbers, and to simple subjects aud pro- 
cesses, the main purpose throughout being to secure tboroughoess, ac- 
curacy, and a reasonable degree of facility in plain ord'uary ciphering, 

*TbeD«velnptaentof AHtroDomjiin tbe UuitedStatea, lSr!8, p. 37. 

i The A'-ademg, Jaaaar^, l:^, article : "AriChmetio in BoBton Scliools," b; Genural 

laouiH A, Wulkor, Preaitleut of tbaUaasacbaseUsliiatitiito of Tecbuolag;y. 
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"4. Id ' practical problems,' nod in examples illustrative of arithmet- 
ical principles, all exercises are to be avoided in whicti a fairly intelli- 
gent and attentive child of tlie age conceraed would find any consider 
able difiiculty in makiug the Btatemeut wbicli is prelimtDary to the 
performaiice of the properly arithmetical operntions. When aritluaet- 
ical work i8 put into the form of practical or illustrative iiroblenu,it 
most be for the purpose of interesting and aidiug the child in the per 
formance of the arithmetical operations, and with a view to their eont 
mon utility. 

"5. In oral arithmetic no racing should be permitted; batthedid*- 
tion should lie of moderate rapidity. 

" 6, The average time devoted to arithmetic thronghout the primaiy 
snd grammar school course should be three and a half boars a week; 
and in the third primary grade not more than two hours, and in the 
first and second primary grades uot more than three and a half bonis 
each per week." 

The considerations which led the School Board to introdnpe these 
changes areadmirably setforth by General Francis A. Walker. The reg- 
ulation regarding home lessons in iirithmetic may be a good one ando 
the conditions nsistiug in Boston at the time of its adoption, but oao 
hardly be recommended for general adoption. It sounds somewhat 
arbitrary. The reasons which led to its adoption are, (1) a tendenc; 
among grammar school teachers to unduly magnify the importance of 
arithmetic; (2) the injustice done as between pupil and pupil by giving 
home lessons, since the facilities for study at home are so very different 
among pupils; (3) the absence of the teacher prevents any authorita- 
tive interposition to put a stop to excessive, and therefore damaging, 
study over problems in the lesson. "In the old flogging days of the 
Army and Navy," says General Walker, " it was always required that 
the surgeon should stand by, to feel the pulse of the poor wretch under 
the lash, to watch the signs of approaching nervous collapse, and, in 
his discretion, to forbid the punishment to proceed further. But in the 
■ case of our young children who are assigned home lessons in arithmetic, 
Doanch humane provision exists. Were the work being donu in the 
open school room, the severest master would, when he saw that the 
child did not nnderstaud the problem, could not do the work, and that 
- it was only becoming more excited and fatigued by repeated attempts, 
interpose either togiveassistanceor toputastop to the exercise. Id the 
case of home lessons, however, the ambitious and sensitive child finds 
no relief The work may go on long after the child should have been 
in bed until a state is reached where farther persistence is not onlv in 
the highest degree injurious, but has no longer any possible relatioa to 
success." 

"Regarding the remaining Ave orders, considered as a body," says 
General Walker, " it may be said that the committee, in framiug t 
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were actnsiteil by the belief that both loss of ttioe nnd misctirectioD of 
etfort, witli even some positively injurioos con sequences, were involved 
iu the teacliing of ni itlioietic, as earned ou in some of the Boston schools. 
And here let loe say, to prevent inisappreheEsion, that the committee 
at DO time intended to reflect on the schools of oar own city aa compared 
with thoae of neighboring cities and towns. Personally, I believe that 
the teaching of arithmetic has been more hamane and rational of lata 
years in the schools of Boston than in those of most New Euglaad 
towns and cities. What, then, are the faults complained oft 

''Firsl — ^That the amoant of time devoted to this stady is in exes 
of what can fairly be allotted to it, in the face of the demands of otiu 
and eqnally important branches of study. 

'^Secontiln — That the study of aritlimetic is very largely pnrsned by 
methods supposed to condnce to general mental training, which, in a 
great degree, sacrifice that facility and accuracy in uumerical compu- 
tations so essential la the after-life of the pupil, whether as a studei 
in the higher schools or as a bread-winner. 

"TAiVd/y— That, as arithmetic is taaght io many, perhaps in moi 
schools, the possible advantages of this branch of study, eveu as J 
means of general mental training and of the development of the reasoi 
ing powers, are, whether by fault of the text-book or of the indivtdui 
teacher or of the standards adopted for examination, largely sacrificed 
through making the exercises of uudae difBculty and complexity, which 
not only destroys their disciplinary value but becomes a means of posi- 
tive injury.'* 

The whole paper of Oeneral Walker is well worth reading. In onj 
respect, however, we can uot endorse the action of the Board, 
to us that the metric system should be retained, even if the tables of 
apothecaries* weights and fluid measure, and of the mariner's measure, 
had to be omitted to make room for it. The memorizing of the tables 
in the metric system is not diCBcult. Moreover, what problems offer ;| 
better opportunities for a good, thorough course in the uae of decim 
fractions than those involving meters and decimeters. 

But there is still another reason for urging the spread of a knowledge ' 
of tlie metric system in elementary schools. If the masses have once 
acquired sufBcient knowledge and familiarity with it as to see its trans- 
cending superiority over the old traditional tables of weights and meas- 
ures now in use, then we may look forward more hopefully to the early 
approach of the time when the French weights and measures will be 
declared the only legal ones in the United States. 

European nations that are genemlly regarded as being mncb more 
conservative than our own, have introduced them, to the exclusion of 
older ones. Eveu the miniature republic of Switzerland has, within the 
last ten years, adopted the metric system. The change was t 
about without serious inconvenience. 
881— Mo. 3 8 
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XmiTED STATES MILITABY ACADEMY.* 

In 1817 began a new epoch in the history of the United States Mili- 
tary Academy. At tbis time Miij. Sylvanus Thayer became saperin- 
tendent, and under him the Academy entered upon a career of nnasQal 
prosperity. Thayer was a native of Massaehasetts, graduated at Dart- 
mouth College, and then entered the Military Academy as a cadet in 
1807. He wa8 appointed lientenant in the corps of eni^rineera in 1808, 
At the close of the War of 1812 he was sent abroad by the Gh>vemmait 
to look into the military systems of Europe, particularly of France. 
After his return the Academy was reorganized according to French 
ideals, but without discarding entirely English teachings. Prof. Oharies 
Davies says that in the construction of the course of stndy at West 
Point, *^ the beautiful theories of the French were happily combined 
with the practical methods of the English systems, and the same hai 
since been done, essentially, in the schools of England and France.^ 
Maj. E. G. Boynton, in his History of West Point, summarises the 
services of Major Thayer in the following manner: ^^The division of 
classes into sections, the transfers between the latter, the weekly ren- 
dering of class reports, showing the daily progress, the system and 
scale of daily marks, the establishment of relative class rank among the 
members, the publication of the Annual Begister, the introdaotion of 
the Board of Visitors, the check-book system, the prepondering influ- 
ence of the blackboard, and the essential parts of the regulations tar 
the Military Academy as they stand to this day, are some of the evi- 
dence of the iudefatigable efforts of Major Thayer to insure method| o^ 
der, and prosperity to the institution. It was through the agency of 
Major Thayer that Prof. Claude Grozet, the parent of descriptive geome^ 
try in America, and one of the first successful instructors in higher 
mathematics, permanent fortifications, and topographical curvesi be- 
came attached to the Academy." Grozet had been a French officer on* 
der Napoleon, and a pupil at the Polytechnic School in Paris. 

Thayer was superintendent at West Point from 1817 to 1833. The 
great reputation which the Academy obtained was chiefly due to his 
efforts. His discipline was very strict. The last years of his administra- 
tion were years of trial to him. It is said that his discipline was coanted 
too stern, and that he was not sustained, as he should have been, at the 
War Department. Difficulties arose between him and the President of 
the United States, resulting in his leaving the Academy. General Francis 
n. Smith says of him : t *' Colonel Thayer held the reins with a firm 
hand during his entire administration, and if, at times, ho transcended 
the limits of legitiaiate authority, no private i)iqao or personal interest 
swayed his judgment. He was animated by the single desire to give 

•For Official Rogistors of the Military- Academy ami for valuable information re- 
garding it, we are indebted to the kindness of W. C. Biowu, First Lieutenant FinI 
Cavalry, Adjutant. 

t Weat Point Fifty Years Ago, New York, 1879, p. 6, 
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efficiency to his discipline, and to train every gradaate upon tlie hij 
est iiiodet of tbe trae eoUlier." 

Andrew Ellicott was nrofes8or of mathematics from 1813 to 183( 
The following description of hira applies to the time preceding the 
arrival of Thayer. Says E. D. Mansfield: "There are some who will 
recollect Professor Ellicott sitting at his desk at the end of a long 
room, in the second story of what was called the Mess Hfill, teaching 
geometry and algebra, looking and acting precisely like tbe old-fash- 
ioned school- master, of whom it waa written, _ 

" ' And atiU thej gazed, and atill tbe wonder gren ^^M 

That one Hmall head conld oniry all Ue knew.* ^H 

" In the other end of the room, or in the next room, was his acting 
assistant, Stephen H. Long. • • • The text-book used was Hut- 
ton's Malhematica, and at that time the best to l>ehad. • " " It 
was a good text-book then, for thera were no cadets trained to pursue 
deeper or more analytical works." 

As already stated, Superintendent Thayer caused the classes to be 
divided into sections. From the reminiscences given by John H, B. 
Latrobe, who eutered the Academy aa a cadet in 18L6, we see that the 
various section.=i received their mathematical instruction from assist- 
ants, and that the professor of mathematics occasionally visited the 
sections. Mr. Latrobe says : • " I do not remember upou what princi- 
ple onr class of one hundred and seventeen members was divided into 
foar sections ; E recollect, however, that I was put into the first section, 
• • • Our recitation room was neit the gaard room, on the first 
floor of the North Barracks. Here, on a rostrum, between two win- 
dows, sat Assistant Professor 9. Staahope Smith, and here, with the first 
volume of Huttou's Mathematics in hand, I began my West Point edu- 
cation. • • • 

" I am not sure that we had desks, but rather think that we were 
seated on benches against the wall, with a blackboard to supply the 
place of pen and ink and slates, although I am not certain about the 
slates. Generally we had the section room to ourselves. Sometimes, 
however, Mr. Ellicott would pay as a visit and ask a few questions, 
ending with giving us a sum in algebra, to explain what was meant by 
'an infinite series,' which was the name he went by in the corps." 

"I have," continues Latrobe (p. 29), "soother recollectiou of him as 
an iustructor, except once when, while learning surveying, wo were 
chaining a line from a point in front of his house to an angle of Fort 
Oliuton, and back again. Our accuracy quite astooished. the good old 
professor, to whom we did not admit that it waa owingto our having 
used the same holes that the pins had made in going and returning. " 

Professor Ellicott died at West Point and was buried in the cemetery 
there. " My last visit to it as a cadet, " says Latrobe, " was when I 
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was on the escort that fired the voUies over the grave of Andrew Elli- 
cott, the professor of mathematics who lies buiied there. " 

Of Hatton's Mathematics Latrobe says: '^I have often heard thoee 
who have beeii more recently educated at West Point speak dispar- 
agingly of the Hattonian day, as though any one could have i^radaated 
then." That this was not the case becomes evident when he saySi '^ thst 
the first sifting in June, 1810, of my one hundred and seventeen comrades 
of the year before, reduced the number to fifty-nine, the next sifting to 
forty-eight, and the number that got through the meshes of the sieve was 
but forty. Of the others, some resigned, some were ^ turned back ' to go 
over the year's course a second time, and some were found to be defi- 
cieut altogether. These last were called, in the parlance of the cUdets, 
^ Uncle Sam's bad bargains.' ^ 

Jared Mansfield, the professor of natural and experimental philosophy, 
outlived Ellicott by ten years. Both were veteran surveyors and math- 
ematicians. Mansfield retired from his chair in 1S2S. Mr. Latrobe says 
that Colonel Mansfield, ^^ although a most competent instructor^ was 
very near-sighted, and I am not prepared to say that this defect was 
not sometimes taken advantage of. " Professor Church (cla^s of 1828) 
says of him: "Professor Mansfield at my time was very old, yet quite 
enthusiastic in his branch of study, generally a mere listener to demon- 
strations, complimentary to a good one, but coldly silent to a bad one.** 

The great impulse to the study of mathematics at West Point was, 
however, due to younger men. One of these was Claude Crozet. After 
graduating at the Polytechnic School in Paris, he had been artillery 
officer under Napoleon. From 181G to 1817 he was assistant professor 
of engineering at the Academy, and from 1817 to 1823 full professor. 
B. D. Mansfield has given us some interesting recollections of Grozet's 
earliest teaehing at West Point. The Junior class of 1817-18 was the 
first class which commenced thoroughly' the severe and complete course 
of studies at the Academy. Of Professor Crozet, IMansfield says that 
he was to teach engineering, but when he met tlie cla^s he foaud that 
he would have to teach mathematics first, as not one of tbem had had 
the necessary preliminary training in pure mathematics for a course in 
engineering. " The surprise of the French engineer, instructed in the 
Polytechnique, may well be imagined when he commenced giving his 
class certain problems and instructions which not one of them could 
comprehend and perform." 

Among the preliminary studies we find that descriptive geometry 
was included. "We doubt,'' says E. D. Mansfield, "whether at that 
time more thiln a dozen or two professors of science in this country 
knew there was such a thing; certainly they never taught it, and 
equally certain there was no text-book in the English language," 
This science, founded by Monge, was then scarcely tliirty years old. 
Crozet meant to begin by teaching this branch, but a new difiiculty 
arose. Just then he had no text-book on the subject, au<i geometry 
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oonid not be tanglit orally. What waa to be done t " It was liere at 
tliia precise time tliat Crozet, by aid of the carpenter and paiater, iu- 
troiluced the blackboard and chalk. To him, as far as webDow^isdne 
the introductiou of this simple macbine. He foniid it in the Polytech- 
niqne of France." (E, D. Mansfield). 

Crozet was, however, not tbe first one to use the blackboard in tliis 
country. Of Rev. Samnel J. May, of Boston, it 18 Raid that, "to the 
work of teaching a pnblic school he then bronght one acquisition which 
was novel in that day, and which it has taken a half century to intro- 
dnce into elementary schools, private and pnblic — a knowledge of the 
uses of the blackboard, which he had seen for the first time in 1813 in 
tkc viathevialical school kepi by Rev. Franms JCavier Broaius, a Catholic 
priest of France, who had one suspended on the wall with lumps uf 
chalk on a ledge below and cloth hanging on either side."* One thing 
is certain : The blackboard was introduced in this country by French- 
men. Its importance in the school room can hurilly be overestimated. 
Simple and inexpensive as it is, its introductiou into our colleges was 
' not instantaneous. For geometrical tesvching large tablets withpriuted 
diagram'% were need in onr beat colleges long after Crozet had taught 
its use at West Point. 

Crozet, says E. I). MausQeld, did not more than half understand 
English. "With extreme difficulty he makes himself understood and 
with extreme difficulty his clasa comprehend that two planes at right 
angles with one another are to be understood on the same surface of 
the blackboard, on which are represented two different projections of 
the same subject." The first problems were drawn and demonstrated 
on the blackboard by the professor; afterward they were drawn and 
demonstrated by the pnpils, and then carefully copied into accurate 
drawings. 

In 1821 Crozet published his Treatise on Descriptive Geometry, for 
the use of cadets of the U. S. Military Academy (New York). The 
first 87 pages were given to the elementary principles, and the nest 63 
pages to the applioatiou of descriptive geometry to spherics and conic 
sections. This is, according to our information, the first English work 
of any importance on descriptive geometry, and the first work pub- 
lished in this country which exhibits to the student that gem of geom- 
etry — Pascal's Theorem. 

Crozet has been called the father of descriptive geometry io this 
country. He taught this as preparatory to engineering. It may justly 
be said, also, that the conrso of military science was gPeatly developed 
by him. 

Mr. Latrobefavorsua withthofoUowjngrecolIectionsof him: "There 
are persons whoso appearance is never etl'aced from i he memory. Of 
this class was the professor of the art of eogiaeeriug, Col. Claude 
Crozet, u tall, somewhat heavily-built man, of dark complexion, black 
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bair and eyebrows, deep-set eyes, remarkable for their keen and brigU 
expression, a firm month and sqnare chin, a rapid speech and strong 
French accent. I can, even after the lapse of between sixty and seyeotj 
years, fancy that I see the man before me. He had been an engineer 
under Napoleon at the battle of Wagram and elsewhere, and the anec- 
dotes with which he illustrated his teachiug were far more intereatiDg 
than the 'Science of War and Fortification,'* which was the name of oar 
text book at the time. When he left the Academy he became chief 
engineer of the State of Virginia, which is indebted to him for the sys- 
tem that made her mountain roads the best, then, in America. Per* 
haps my recollection of Colonel Grozet is strengthened by my having 
seen him long after I ceased to be his pupil.'' 

Ellicott was sncceeded in the professorship of mathematics by David 
B. Douglass. He held it till 1823, when he was transferred to the de- 
partment of engineering, where he taught till 1831. Professor Charch 
(class of 1828) says of him : << Professor Douglass, of engineering, had 
the repntation of being an able engineer and a fine scholar, yet he 
was by no means a clear demonstrator. His style was diffuse and theie 
was a great want of logical sequence in his langnagci. Moft of the 
course of engineering was given to the class by him from the black- 
board." He was afterward the chief engineer of the Oroton water 
works. 

One of the text-books mentioned by E. D. Mansfield as having been 
used was the Mechanics of Dr. Gregory (<^ Old Greg."), who was pro- 
fessor at the Boyal Military Academy at Woolwich. His works are 
collections of rules rather than expositions of principles, and are want- 
ing in analysis. Gregory is at his best when he descends to the mi- 
nntiad of practice. For several years no adequate text-book was fonnd 
for civil engineering. In 1823 Major O'Gonner translated a Treatise on 
the Science of War by De Vernon, which had been prepared in 1805 1^ 
the order of the French Government and was the text-book in the poly* 
technic school. This translation was used at the Academy for several 
years. ** It was a miserable translation," says General Francis H. Smithy 
^<but it was the best that could be had, and each member of the firrt 
class was required to take a copy, costing some $20." 

After being vacated by Douglass, the chair of mathematics was taken 
by one whose name became known to nearl3' every school-boy in our 
land— Charles Davies. He was a native of Connecticut, graduated at 
the Academy in 1815, and then was made assistant professor of mathe- 
matics, lie held the full professorship for fourteen years, until 1837. 
He earned for himself a wide reputation, not as an original investigator 
in mathematics, but as a teacher and as a compiler of popular text- 
books. He was always described by his pupils as an excellent instruotor. 
Professor Church (class of 1828) says of him : '< Professor Davies was 
then young, enthusiastic, a clear and logical demonstrator, and an admii^ 
able teacher. He had at once imbibed the spirit and lully sympathised in 
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e desires of the auperiuteDdent, and lubored eamestiy to carry tUem 
nt iu buildiog up a logical system of iiistraution aitd recitation, which 

iquired not ouly a tborougU underatanding of tLe details of and reo- 
Uns for everyttiiug proposed, but a clear, concise, and coiuplele exam- 

latioD of it." 

Wlieu Charoh was a cadet, according to liis owu statemeut, tbe luetb- 
ods of iaRtroctioa were entirely new, and text-booka very imperfect. 
The professors aod teachers had themselves to learn the true use of the 
blackboard, and the strict and detailed manner of demonstration. la 
algebra the best test-book that conld be obtained was a poor translation 
ofLacroix. In geometry we had a translation of Logendre ; in trigo- 
nometry, a trauslatioa of Laoroix ; in descriptive geometry, a email work 
by Crozet, containiog only the elements withont application to the inter- 
section of snrfaces or to warped surfaces. These, with the whole of 
shades, shadows, and perspective, stouecutting, and problems iu engi- 
neering, were given by lectnre to the class. Notes were taken by the 
cadets, the drawings made in oar rooms before the next morning, then 
presented for examination, and at ouce recited upon previous to the fol- 
lowing lectnre. The sections in mathematios, philosophy, and engi- 
neering were of twenty cadets each, and were kept iu three honrs daily. 
Biot's work on analytical geometry was nsed, and Lacroix's calcnlna. 

Those who have toiled over Daviea' test-books may enjoy the follow- 
ing reminiscences of him : " Don't yon remember," says General F. H. 
Smith (class of 1833), " when mattering out an imperfect answer to one 
of his questions, how he wonld lean forward with oueof his significant 
smiles and say, 'How's that, Mr. BUbsI' BatI will not now dwell apon 
his long and faithful career in the department of mathematics. The re- 
sults of his labors are tobeseenin the distinguished career of his pupils 
and in his scries of mathematical text-books, which are as household 
words everywhere in the United States." 

When John H. B. Latrobe was a cadet, Davies was as yet only assist- 
ant professor. Latrobe speaks of him as follows: "My nest professor of 
mathematics, in my second year's course, was one that I have uo di£Qcnl ty 
in describing and whom I can never forget, Charles Davies. Personally 
and mentally he was a remarkable man. Of the middle size, with a 
bright, intelligent face, characterized by projecting upper teeth, which 
procured for bim the name of 'Tush' among the cadets, his whole figure 
was the embodiment of nervous energy and unyielding will. His fear- 
less activity at a lire which hapt>ene(l in a room in the South Barracks, 
in 1819, added the name of 'Bush' to the other. He was a kindly 
natured man, too, and the patient perseverance that he devoted to the 
instruction of bis class was not the least remarkable feature of his 
character. It was with Professor Davies that I began the study of 
descriptive geometry, for which uo books in English had then been 
published. He had no assistance beyond the blackboard and his own 
intimate knowledge of the subject and faculty of oral exclaiia.t.'.<:^\^ ^^^t.- 
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tnnately this was exceptionally great, and even then there was no littlt 
amount of aotnal labor requisite to enable the pupil to understand tie 
difference betweeen the horizontal and vertical planes and the uses to 
be made of them. It is to Professor Davies that I have always at- 
tributed in a great measure my subsequent successes at West Point, 
and hence this especial notice of him as a tribute to his memory. A 
much more enduring tribute is that awarded by the coantless benefici- 
aries, the colleges^ schools, and individuals who have profiled by liis 
nnmerous publications in connection with mathematical science." 

Professor Davies taught for many years before he conceived the ida 
of issuing a series of text-books. Some of his books — as liis Legeodn 
and Bourdon — were adaptations from French works, modified to sop 
ply the wants of our schools; others were prepared on his own plan. 
While connected with the Academy as professor he published his 
Descriptive Geometry, 1826 (a more extensive work than Grozet's): 
Brewster's Translation of Legendre, 1828 ; Shades, Shadow;i, and Per* 
spective, 1832; Bourdon's Algebra^ 1834; Analytical Geometry, 1836: 
Differential and Integral Calculus, 1836 ; a Mental and Practical Aritii- 
metic. Overwork in the preparation of these text-books c:iased bron- 
chial affection, which forced him to resign his professorship in 1837. 
He visited Europe and soon after his return occupied the professorship 
of mathematics at Trinity College, Hartford, Conn., but ill-health agaii 
induced him to exchange the position for that of paymaster in the 
Army and treasurer at West Point These offices he resigned in 181a 
In 1848 he became professor of mathematics and philosophy in the 
University of New York, but in the following year he retired to Fishkill 
Landing, on the Hudson, that he might have leisure to complete hii 
series of text-books. After teaching in the normal school at Albany, he 
was made professor of higher mathematics at Columbia GoUeg^e, in 1857. 

In 1839 appeared his Elementary Algebra; in 1840, his Elementaiy 
Geometry and Trigonometry ; in 1846, his University Arithmetic ; in 
18o0, his Logic of Mathematics ; in 18o2, his Practical Mathematios ; in 
1855, jointly with William G. Peck, a Mathematical Dictionary. 

Davies' series constituted a connected mathematical course, flron 
primary arithmetic up to calculus. His books were, as a rule, perspie- 
uons, clear, and logically arranged. They were not too difficult for the 
ordinary student, and contained elements of great popularity. The 
original editions would be found quite inadequate for the wants of 
schools of the present day. ''The first translations of Bourdon and 
Legendre were imperfect'' (Prof. 0. W. Sears, class of 1837). Davies 
himself greatly modified some of his text-books in later editions. la 
his revisions he was greatly aided by his son-in-law, Prof. William G. 
Peck. The most recent revisions are those made by Prof. J. Howard 
Van Amringe, of Columbia College. 

Brewster's Legendre underwent some changes in the hands of Davies. 
In the original work, as also in the translation of Brewster and Famr, 
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icli proposition was enunciated with reference to and by aid of the 
Bcnlar diagram nsed for the demonstration. Bnt Davies gave 
ropositionanitbout reference to particnlar ftgtires and, to tbat extent^ 

{tetnrned to tlie metliod of Euclid. In later editions Davies did not 
prewgtei''3 translation, but took the orifpnal and translated and adapted 

t to the courses in American scliools. In trigonometry he was nedd) 

9 the line system. 

I The reasoning sometimes employe<l by Professor Davies in his bool 

ias been found to be open to objection. This is certainly true of 

reatmeut of infinite series. In his Legeadre the treatment of 
ftrch la not such as will carry conviction to the young mind. Thus, 
teys in one edition, that " the circle is bat a regular polygon with 
Psfinite number of sides."* A trained mathematician who I'ecls that he 
1 give more rigorous proofs by sounder methods, whenever he may 
Irish to do so, will employ this idea of the cirde, and of curves in geii- 

»1, with profit and satisfaction. After much study ho may oven 
rive at the conviction that the method of limits and that of infini- 

saimals are eseentially alike. But it is the experience of the majority 
of our teachers that the infinitesimal method and the Ireatment of the 
circle as a polygon appear to beginners as enigmatical and obscure. 
Of our more recent geometries, the best and the most popular havo 
abandoned those methods. 

^or is Davies' explanation of a limit and of the first differeni 
coefficient satisfactory. Listen to the testimony of one of his pupils:' 
"I had not beeu a teacher of the calculus lung • • • before I dis- 
covered that I had almost everything to learn respecting it as a rational 
system of thought DifScutties were continually suggested in the 
course of my reflection on this subject about which I had been taught 
nothing, and consequently knew nothing. I found, in short, that I had 
only been taught to work the calculus by certain rules, without know- 
ing the real reasons or principles of those rnles; pretty much as an 
engineer, who knows nothing about the mechanism or principle of an 
engine, is shown how to work it by a few superficial and unexplained 
rules." 

It is our opinion that under Professors Davies and Church the philos- 
ophy of mathematics was neglected at West Point. If tliis criticism 
be true of West Point, which was for several decennia unquestiooably 
the most infl iieutial mathematical school in the United States, how much 
more must it be true of the thousands of institutions throughout the 
country which came under its influence I If this stricture were not cor- 
rect, then such a book as Bledsoe's Philosophy of Mathematics would 
never have been written ; there would have beeu no occasion for it. 

Of Daviea' assistants, we shall mention Lieutenant ICoss. General F. 
H.Smith says: "There was associated with Professor Davies, • • • 

• Davies' Legendre, 1856, Book V, Scholium to Proposition X.lt- 
tProf. A. T. BloJsoo, Philosoplij oCMiiLHiBmal\ii»,\'6W,-c.1.'\.^,-ao'\.a. 
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as his chief assistant in mathematics, having charge of the fourth dtti, 
Lient Edward G. Aoss, of the class of 1821. He was the best teacher 
of mathematics I ever know, and it is singalar, too, that he had no bt 
nlty of demonstration. He gave to our class many extra discossioDiii 
the difflcalt points in algebra, particularly on what he called the lull 
equations, for he was not pleased with Farrai's translation of La CniXi 
our tex^book in algebra, and ho was preparing his translation of Boid> 
don. In putting upon the blackboards these extra demonstxatioH 
every line appeared as if it had been printed, so neat was he in the us 
of his chalk pencil. But when he commenced to explain he would twiit 
and wriggle about from one side of the board to the other, palling Ui 
long whiskers, and spitting out, in inordinate volumes, his tobacco joieei 
The class was as ignorant when ho closed as when he began. We cofpxit 
word for word, what was written, well knowing that on the next dif 
the first five would be called upon to make the discussion. We read to 
him what we had placed on the board. Then commenced his power a 
a teacher. In a series of orderly questions he would brings oat the 
points of the discussion, step by step, sometimes occupyinj^ half an hoar 
with each cadet, and when the three hours of recitation were oyer «i 
knew the subject thoroughly. He was an expert in his power of qua 
tioning a class. He did this without note or book, and gave sadh enfr 
estness and vividness to his examinations that he kept his olass apfe 
the highest pitch of interest all the time." 

General Smith gives us a description also of Gourtenay. << ISdwui 
H. Goart^nay, who graduated at the head of lioss's class, was oor pi» 
fessor of natural and experimental philosophy, fifty years ago. Then 
never was a clearer minded — a more faithful teacher — or a more modeit 
one than Professor Gourtenay. Well do I remember the hesitating mtt* 
ner with which he would correct the grossest error on the i>art of i 
member of his section — I hardly think so. He resigned his professorsUp 
in 1834, and after holding many offices of high dignity, as professor sol 
civil engineer, he was elected professor of mathematics in the Univsr 
sityofVirginiainl842.'' 

Gourtenay was instructor at West Point from 1821 to 1834, ezoepttv 
the four years from 1824 to 1828. During his first years of teaching iM 
was assistant professor of natural and experimental philosophy, sod 
then assistant professor of engineering. After the resignation of Jand 
Mansfield he was appointed professor of natural and experimental phil- 
osophy, and acted in that capacity for five years. In 1833 he trans- 
lated from the French of M. Boucharlat an elementary treatise on ms* 
chanics, and made additions and emendations. 

The chair of military and civil engineering, made vacant by the resig- 
nation of Professor Douglass, was filled by the appointment of Lieut 
Dennis H. Mahan. Mahan graduated at West Point in 1824, holdinf 
the first place in his class of thirty-one members. '^After remainingit 
the Academy as an instructor for two years, he was ordered to Eorcq^ 
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B> etady pablic engiDeering viorks and military institatioDS. By special 
Tbvor of the French Miiiistry of War, IJieu^01lalJt Mnhan was allowed to 

poin the Military School of Application for Engineers and Artillemta at 
'nietz, where be remained for more than a year, under the instruction of 
men whose names were tben, and are dow, ividely known in sdence."* 
'Wben. after his return, he entered upon tbe duties of bis department at 
""West Point, he supplemented the meagre volume of O'Connor with ex- 
'-tensive notes. These notes developed into bis well-known treatises on 
'Civil Engineering and Field Fortifications. 

' Such is tbe brief record of tbe professional career of Professor Ma- 
'lian ; but it fails to convey any adequate idea of the iufluenoe which 
'lie exerted upon engineering science in this country. To appreciate 
"-this, it must lie remembered that for many of those forty-one years 
■■(daring which he was professor) West Point was our only school of 

mathemadcal and physical science where the rigid requirements and 

* bigh standard now deemed essential were even attempted. Every offi- 

> cer of the present corps of engineers who bas served long enough to 

> Trin reputation in tbe performance of the civil duties assigned to that 
" corps, and many of tbe eminent civil engineers of tbe country as well, 
f now gratefnlly remember how, before those old blackboards in that nn- 
I pretending recitation room at West Point, they learned from Professor 

• Mahan, with the rudiments of their profession, a high-toned discipline 
aod tbe fundamental truth that without precision of ideas, rigiil aualy- 
Bis, and hard work there can be no such thing as success. 

"But if civil engineering owes much to our late colleague, military 
engineering and the science of war owe more. For many years, aud up 
to the day of his death, be was in that branch of tbe profession con- 
fessedly the highest scholastic authority in America."* 

Tbe death of Mahan was piitbetic. In his last years be often bad fits 
of melancholy, and, in an instant of acute iusanity, he plunged from a 
steamer into the Hudson and drowned. 

Professor Davies was succeeded in tbe chair of mathematics by Prof. 
Albert E. Church. Ubnrcb was a native of Connecticut, graduated at 
West Point in 1828, served as assistant professor from 1828 to 1831, 
also from 1833 to 1837. Ho was then acting professor of mathematics 
for abont a year, and in 1838 ho became full professor, retaining Ibe 
chairtill his death in 1878. Ho pnbbshed four works which have been 
used considerably in A mertean colleges. His Differential and Integral 
Calculus, 1842, was more extensive than that of Davies. In the new 
e<lition of 1851 a chapter on the Elements of the Calculus of Variations 
was inserted. In 1851 appeared his Analytical Geometry, in which be 
followed somewhat the work of Biot on this subject. In 1857 his Plane 
and Spherical Trigonometry was published. In I860 appeared bis El- 
ements of Descriptive Geometry, in the preparation of which he was 

• BiosTspbioal Uciuuir* of Iha Natioual Academy of Soioncoa, Vol. U, \SK,'^,'Si, 
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aided by tbe Frencli works of Leroy and Oliver, and by the dalxm 
American work of Warren. Later editions give also the applicatioci 
the subject to shades, shadows, and perspective. The Descriptin| 
Geometry met with larger sales than any of his other works. 

As a {eacher. Professor Church is spoken of by GeDeral F. H. Smitbil 
follows: ^'Prof. Albert E. Church was an assistant professor of matii 
ematics when my class entered in 1839. He occasionally heard my hc 
tion in the third class course and exhibited then the clearness at 
perspicuity which marked his long career as a professor of mathematiei-| 

Prof. Arthur S. Hardy (class of 18G9) gives the following 
iscences of the mathematical teaching in his day:* 

''The class was divided into sections of from ten to fifteen. Thealpbl 
betical arrangement, first adopted, became in a few weeks a cluaiflft 
tion by scholarship — transfers up and down being made weekly, ft 
descent was easy, but it was hard to rise a section. The last scctioivi 
called Les Immortels (lazy mortals ?). In each section each state 
recited daily. The sections were taught by army offleers detaiM i 
Professor Church's request The latter had no section, bat genetd^ 
visited each daily. Each recitation was one hour and a half \m 
Professor Church's visits were dreaded. He usually asked qnestiiB 
His questioning was searching. He was a stickler for form — itfi| 
not enough to mean right. 

*< Personally he did not inspire mo; he had no magnetism— was l! 
as dust, as his tex^books are. He delivered one lecture on the cateoli 
I never got a glimpse of the philosophy of mathematics-— of its hisUv^l 
methods of growth. The calculus was a machine, where resnlts v« 
indisputable, but its mechanism a mystery. I do not think he had i 
great mathematical mind. It was geometrical, rather than an ana]^ 
one. A problem, which he and Professor Bartlett once attacked ii^ 
gether, the latter solved by a few symbols on a piece of paper, whitotk 
former drew a diagram with his cane on the gravel — ^to Bartlett^ dii* 
gust, who despised geometry. Church's text-books are French adipfr 
tions, minus the luminousnoss and finish of form of French text-boob 

<' The only instance of Church's being disconcerted was on beingtoU| 
by a cadet that the reason for + becoming — in passing through 
was that the cross-piece got knocked off in going through. Yoa en| 
imagine that the would-be wit was pla<5ied in arrest 

^^ The mathematical recitation at West Point was a drill-room. In ■! I 
judgment its result was a soldier who knew the mancDUvreSi but itdUl 
not give an independent, self-reliant grasp of methods of research, b 
descriptive geometry, the Academy had a magnificent collection d 
models, but they were shown us afler the study was finished — ^in otbtf 
words, mental discipline was the object — practical helps and ends wtf 
secondary. Great changes have been made since." 

William H. C. Bartlett (class of 1826) was assistant professor ftr 
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tseToral years at West Point. He was permanently appointed professor 
[Of natural and experimental pUilosopiiy in 18.JG. In 1S71 lie was ra., 
, tared from military service at Lis on'n request, and shortly after ha 
I accepted tbo pliKio of actoary for the Mutaal Life lusarance Company 
;• of Hew York. 

I The need of an astronomical observatory being felt at West Point, 
, Professor Bartlett went abroad in 1340 to order iustraments and visit 
f observatories. On his return it was necessary to provide room for the 
If instruments in the new library building of the school, on account of 
„ the great prejudice existing in Congress against a separate observatory.* 
Bartlett pablisbed treatises on Optics, 1S39 ; Acoustics ; Synthetic 
- Mechanics, 1850; Analytical Mechanics, 1853; Spherical Astronomy, 
185.?. He coutribnted also to SillimaD's Journal. His Analytical Me- 
chanics is the first American work of its kind which starts out with, 
and evolves everything from, that precious intellectual acquisition of 
the nineteenth century — the laws of the indestractibility of matter and 
energy. Dr. R. S. McCuUoch (who, by the way, rewrote Bartlett's 
Mechanics withoat allowing his own name to appear anywhere iu the 
' revised edition) says : t " More than tliirty years ago, at West Point, 
Professor Bartlett, in his treatise on Analytical Mechanics, still used 
there as a text-book, had deduced the whole science from one single 
'" equation, or formula, well known to every cadet as bis equation X; 
and be thus expressed and discussed fully what now is generally called 
' the Law of the Conservation of Energy.'' 

Bartlett's successor was Prof Peter S. Michie, the present incumbent 
in the chair. Michie graduated in 1863, and has been iuatructor there 
' since I8S7. He has published Wave Motion, Relating to Sound and 
Light, 1SS2; Hydrostatics; and Analytical Mechanics, 1386. ThefirAt 
edition of the last treatise was never published; the second edition, 
18S7, dlfTcrs considerably from the Grst. It is on the plan of Bartlett's 
book on the same subject, but it is confined to mecbauics of solids. It 
contains also a good introduction to graphical statics, a subject which, 
in recent years, has come to be studied in this country. The tirst to 
place a treatise on graphical statics in the bands of American engi- 
gtneers was A. Jay Da. Bois,t professor at Lehigh University, Pa. 
This subject owes its development chiefly to Cutmauu, who, ia ISGO 
published iu Zurich bis Graphische Statik. In technical schools in 
Europe this method has been favorably received. In this country 
original contributions of great value have been made to this subject 
by Prof. Henry T. Eddy, of the University of Oiuciunati.^ 

• The DevelopDient of Astroaomy in the UoUed Statea, liy Prot T. H. Safford, IBUS^ 
p. 19. 

t Fapeis read before the New Oile&ua Ao&demf of SoIoqcm, 1686-37, Vol. I., Nov 
1, p. lao. 

; The Elomenta of Onphicnl Statios aud their Application to Framed Structiirea,' 
Now York, ims. 

5 Van Nostrand'a Engineering Magaiiae, ISlii. kilj\o\6'. " b.'So'w ^j^^si'iv "^'s'^'*- 
la Graphical Statics." 
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In 1841 Professor Ghnrch was aided iu his department by five 
ants. This nnniber has been iucreased since, and is now nine. Thai 
assistants have been, we believe, always selected from ^'oang gradmtoi 
of the Academy. The conrse of study in pnro and applied matheinttia 
was, in 1841, as follows : Fourth Class (first year), Daviee' Bonrdoo, 
Legeudre, and Descriptive Geometry; Third CIomb^ Daviea' worki a 
Shades and Shadows, Spherical Projections and Warped Barfkcei,8v 
veying, Analytical Geometry, and Calculus ; Second OlasB^ CoarteiUQt 
Boncharlat^s Traits de Mdcaniqne, Boget's Eleotrioityy Magnetin, 
Electro Magnetism and Electro- Dynamics, Bartlett's OptiOH, OamBCRh 
Astronomy; First ClasSj Mahan^s Treatises on Field Fortifleati«, 
Lithographic Notes on Permanent Fortification, Attack and Detae^ 
Mines and other Accessories, Composition of Armies, Strategy, Coan 
of Civil Engineering, Lithographic Notes on Architecture, Btooe Cifr 
ting. Mechanics (studied by the first section only). 

As Church's and Bartlett^s text-books came from the pveaa they wn 
introduced in place of earlier ones. Thus, Da vies' Geometry, OalcalM. 
Descriptive Geometry, and Trigonometry, Gnmmere's AatronoH^ 
and Courtenay's Boucharlat's Mechanics were gradually displaced If 
new books. But some of Davies' books have been retained to th 
present day. We may here state that the power of selecting text-boob 
does not lie with each individual professor, but with the Acadwf 
Board. 

After the death of Mahan, in 1871, the chair of military anddA 
engineering was given to Junius B. Wheeler, of the class of 185S. A 
retired in 1884, and was succeeded by James Mercur. Professor Wheds 
gradually substituted books of his own in place of Mahan's treatua 

Professor Church's successor is Profl Edgar W. Bass, of the dsMcf 
1868. By him more attention is given to the philosophical ezpositki 
of fundamental principles than was given by his predecessors* Daviof 
and Church's text-books are still used, but they are mnoh modified bf 
copious notes by Professor Bass. In calculus the notation of Lidbiiili 
has always been used, but now the Modern is also given. At preseil 
the calculus is based upon the Newtonian conception of rates, batU 
notation is not used. In 1879 determinants and least sqaares wm 
introduced into the course of study. Peck's Determinants and OhM* 
venet's Least Squares being the text-books used. 

The present mode of instruction in mathematics involves reoitstioni 
by cadets at the blackboard, lectures and explanation of the text, nanisr 
ous applications of each principle, and written recitations by the sts- 
dent»s. The sections number from nine to twelve students, for one and 
a half hour's instruction. Three hours are allotted for the stady of each 
mathematical lesson. Recitations are daily, Sundays excepted. 

The course of study for 18SS is as follows : Fourth class^ Davies* ele* 
ments of Algebra, Legcndre's Geometry, Ludlow's Elements of Trigo- 
nometry, Da vies' Surveying, Church's Analytical Geometry ; Third otaffi 
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l» Church's Analj-tical Geometry, Descriptive Geometry with ita applioa- 
■I tionstuSpherical Projections, Bass's I ntrodaclion to tUa Differential Cal- 
^ qqIus, Ctiurcb's Oalcalns, Oharch'a Shades, Shadows, and Perspective, 
^ Chanvenel's Treatise ou the metliod of Least Squares; Second o((Wg, 
>■ Michie's Mecbanics, Bartlett'a AstroQomy, Micbie's Elemeuls of Wave 
nr Motion relating to Sound and Light; Fir»t clans, Wbeeler'a Civil Engi- 
ta neering. Field Fortifioationa, Mcrour'a Mahan's Permanent ForLiflcations 
ft (edition of 18»7); Wheeler's Military Engineering {Siege Operations and 
fe Military Mining), Elements of the Art and Science of War, and Maban's 
A Btereotomy. For reference, is used a book called Eoyal Engineers' 
M Aide M(imoire, Parts I and 11. 

[T Ic may be stated, in coaclnsion, that the TJ. S. Military Academy baa 
; contributed to the educational force of the country no less tban tbirty- 
t five presidents of universities or colleges, twenty-seven principals of 
academies and schools, eleven regents and chancellors of educational 
^ isatitutions and one hundred and nineteen professors and teachers, mak- 
^ ing a total of one hundred and ninety-two instructors of youth distrib- 
^ nted throughout the country.* 

* HABTARD COLLEGE. ■ 

K Id 1S07 John Farrar succeeded Samuel Webber ia the chair rf^ 

■ matbematics and natural philosophy. Farrar was a native of Massa- 
chusetts. After gradiiatingat Harvard be studied theology at Andover, 

■ but having been appointed tntor of Greek, in 1805, he never entered the 
L ministerial officpi. He retained his ch.iir till 1836, when he resigned In 
i consequence of a painful illness that finally caused his deatb. He was 
I a moat amiable, social, and excellent man, and endeared to his friends. 

By the atudents he was familiarly called " Jack Farrar." 

Prof. Andrew P. Peabody gives the following reminiscences of him: 1 
"Hedolivored, wheni was in college, a lectnreeveryweek to the Junior 
class on natural philosophy, and one to the Senior class on astronomy, 
Hia were the only exercises at which there was no need of a roll-call. 
No student was willingly absent. The professor had no notes, and 
commenced his lecture in a conversational tone and manner, very much 
as if he were explaining hia snbject to a single learner. But whatever 
the subject, he very soon rose IVom prosaic details to general laws and 
principles, which be seemed ever to approach with blended euthnsiasm 
and reverence, as if he were investigating and expoundiug divine mys- 
teries. His faceglowed with inspiration of bis theme. His voice, which 
was unmanageable as he grew warm, broke into a shrill falsetto; and 
with tbe first high treble notes the class began to listen with breathless 
stillness, so that a pin-fall could, I doubt not, have been beard through 
tbe room. This high key once reached there was no return to the lower 

'Anoaat Boport of tbe Board of Visitora to Ibo U. S. Militar; AcndMiiy tuadetg 
the Secmtarj- of War, for tlie yo.ir 1^86. 
1 Harvard Reminiaoonces, by Andrew P, Pc&bodj, Boatoo,\%^, ■^-1^. 
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notes, nor any intermission in the ontflow and qnickening rash of loQr 
thought and profound feeling, till the bell announced the close of th 
hour, and he piled up all tlie meaning that he could stow into a parting 
sentence, which was at once the climax of the lecture, and the climai 
of an ascending scale of vocal utterance higher,! think, than is withi& 
the range of an ordinary soprano singer. I still remember irartiouof 
his lecturesi and they now seem to me no less impressive than they dil 
in my boyhood."* 

Josiah Quincy t says in his diary, which he kept while a stadeot tt 
college, that by the prolixity of Professor Everett in his lectores, *'i« 
gained a miss from Farrar for the fourth time this term. This vu 
much to the gratification of the class, who in general hate his branch, 
though they like him." 

Professor Farrar did not distinguish himself by original research b 
mathematics, but he was prominent and among the first to introdnee 
important reforms in the mathematical teaching in American coIlegc& 
He was the first American to abandon English authors and to place 
translations of Continental works on mathematics in the hands of sUt 
dents in the New World. 

In ISIS appeared Farrar's Introduction to the Elements of Algelin. 
selected from the Algebra of Euler. Notwithstandlug the transoenl 
ing genius of Euler as a mathematician and the high estimation hevi 
held on the Continent, his algebra was sciircely to be met with previoi 
to this time, either in America or England. It was written by the afr 
thor after he became blind, and was dictated to a young man entire|T 
without education, who by this means became an expert algebraistj 
Farrar's Euler was a very elementary book, and was intended for stu- 
dents preparing to enter college. It differed from the English workflin 
tliis, that it taught pupils to reason, instead of to memorize withoatnn- 
derstandiug. 

In the same year appeared also Farrar's translation of the Algebra ol 
Lacroix, which was first published in France about twenty years pre- 
viously. Lacroix was one of the most celebrated and successftil teach- 
ers and writers of mathematical text-books in France. Farrar trans' 
lilted also Lacroix^s Arithmetic, but this does not appear to have been 



'Professor Poabody continues Lis reminiscences as follows: '*! recall distinctly s 
lecture in which he exhibited, in its varioas aspects, the idea that in mathematicil 
science, and in it alone, ntun sees things precisely as God sees theoii handles the yvj 
scale and compasses with which the Creator planned and built the universe ; anothtf 
in which he represented the law of gravitation as coincident with, and demonstrstive 
of, the divine oninipresoncc ; another, in which he made us almost hear the maaloof 
the spheres, as he described the grand procession, in iulinite space and in imineMOi^ 
able nri>i;s, of our own systom and the (so called) lixed stars. His lectures wwe 
poems, and hardly poems in prose; fur his language was uucunscioasly rythmicalf 
and his nttorauc(>s were like a temple chant." 

t Figure.) of the Past, p. 21?. 

X North American Keviuw, 1^16. 
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jeived as favorably in this coantry as the other works of tbe Harvard 

•ofessor, 
t lu 1819 was pulilishcd at Camtiridge tlie G*onietry of tbat famona 

rench mattiemariciau, Legcudre. A similar traoslation was made io 

tegland by David Brewster. Legendro biijj been tbe greatest modem 
^val of Euclid. la France, in most schools in America, and in some 
^Dglish institutions, the veaerablo and hoary-hoaded Euclid was made 

l> withilraw and make room for Legendre. 

L If the qnestioa be asked, what is the diEfereuce between the geome- 
iies of Euclid and Legendre, we wonld auswer that the main object of 
legetidre was to make geometry easier and more palatable to students. 

tiis hesiicceeded in doing, but at asacrt&coof scientilicrigor. Tbefol- 
rtog are the principal points of difference between Eaclid and Legen- 
i (I) Legendre treats the theory of parallels differently i (2) Legen- 
) does not give anything on proportioD, but refers the student to 
algebra or arithmetic. The objection to this procedure is that in arith- 
metic and algebra, the properties of proportion are nnfolded with regard 
to numbers, buc not with regard to magnitude in general. From a 
Bcietitiflc point of view this is a serious objection, especially if we remem- 
ber that in geometry incommensurabluquanti ties arisequi teas frequently 
as commensurable quantities do. Euclid's treatment of proportion dia- 
playa wonderful skill and rigor, but is very difficult and abstract for 
students beginning tbe study of gooinetry; {3) Euclid never suppoBfis 
a line to be drawn until he has first demonstrated the possibility and 
shown the manner of drawing it. Legendre is not so scrupulous, but 
makes use of what are called " hypothetical constructions." (4) Legen- 
dre iutroduces new matter, especially in solid geometry, changes tbe 
order of proimsitions, and gives new definitious (as, for iostaace, hU 
definition of a straight liae). 

In 1S30 Farrar published his translation of Lacroix's Trigonomel 
The original gave tbeceutesinial division of the circle, but in the trans- 
lation tbe sexagesimal notation was introduced. This trigonometry 
adopted the "line system," Bound together vtith this book was the 
"Application of Algebra to Geometry." This was selected from 
the Algebra of Bczout. Regarding this selectiou Professor Farrar 
says: "It was the intention of the compiler to have made use of the 
more improved treatise of Lacrois or that of Biot upon this subject; 
but as analytical geometry has hitherto made no part of the mathemat- 
ics taught in the public seminaries of the United States, and as only 
a small portiou of time is allotted to such studies, and this is in many 
instances at an age not fiuDiciently mature for inquiries of an abstract 
nature, it was thought best to make the experiment with a treatise 
distinguished for its simplicity and plainness." • 

The next book in the "Carabridga Course of Mathematics," as Far- 

rar's works were called, was an Elementary Treatise on the Application 

' See Bdvertiseaitiiit to tbo TtetkUae. ' 

SSl—No. 3 9 
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of Trigonometry (1828), in the preparation of which were used Ci;- 
noli's and Bonuycastle\s Trigonomctrii's, Delainbre^s Astronomy, B^ 
zout'B Navigation, and Puissant and iMalortie's Topography. 

In 18l'4 were published the First Principles of the Differential and b 
tegral Calculus, '' tiken chiefly from the mathematics of Bezont'' Iliii 
is the first text book published in America on the calcalas and empk^* 
ing the notation of Leibnitz. It is based on the infinitesimal method. 
Bezout flourished in Franco before the Revolution. His works were, 
therefore, at this time, rather old, but liis calculus was selected in piA 
erence to others ^' on- account of the plain and perspicuoas manner ftr 
which the author is so well known, as also on account of its brevity and 
adaptation in other respects to the wants of those who have bat littk 
time to devote to such studies." • 

The introduction is taken from Carnot's SeflcxionSfanA gives theei- 
planalion by the "cx)mpensation of errors." 

The translation of Bezout's calculus is only in part the work of Prote 
8or Farrar. After having begun it, he was obliged to go to the Ajsorei, 
on account of the health of his wifo, and the translation was completed 
by George D. Emerson. lie had it printed with hia introduction snd 
notes, so that when Professor Farrar returned he found it ready forme 
in the college, t 

Farrar's translations and selections from French authors were at once 
adopted as text-books in some of our best institutions. Several boota 
in the series were used at the U. S. i\Iilitary Academy and at the Uni- 
versity of Virginia. 

The i)rofei;sor of mathematics and natural philosophy was always ai* 
sisted by tutors. They generally taught the pure mathematics to the 
lower classes. In 1825 there were three. One of them, James Hgy- 
ward, had been tutor for five years, and had striven to reform the teat^ 
ing of elementary geometry, no was n)a(le professor in 1826, but i 
year later he severed his connection with tlio college and engaged in 
civil engineering, in which ho became a high authority. The original 
survey of the Boston and Providence Itailway was made by him. 
Among the other tutors of note who served during the time of Profes- 
sor Farrar were Thomas Sherwin, A. P. Peabody, and Benjamin Peiroe. 
Dr. Peabody is now Plummer professor of Christian morals, emeritus. 
Among Harvard men of Farrars time are also Charles Henry Davis, 
who afterward served on the Coast Survey and established the Ame^ 
ican ICphemeris, and Sears Cook ^Valker, who, later, became a noted 
astronomer. 

We now proceed to inquire into the terms for admission and the courses 
of study. Since ISIO the whole arithmetic has been required for ad- 
mission to Harvard College. In 1810 a trifling amount of algebra was 
added. The catalogue of 1825 specifies the requirements as follows: 

* Advert isemont to tlio tranBlaiion. 

t Barnard's Joarual, ld7S| " Schools as They Should Be/' by Gv^org<^ B. Emeracm. 
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" "Fundamental rolea of aritlimetie ; vulgar and decimal fractions ; pro- 

• portion, fiimple and compouud; single ami double fellowship; alliga> 

\f tiou, medial and alternate; and algebra to the end of simple eqaa- 

■ tious, comprebeuding also the doctriQe of roots and powers, and arith- 

■ metical aud geometrical progression." The books nsed in the exami- 

■ nation were the Cambridge editions of Lacroix's Arithmetic and Euler'a 
|j Algebra. In 1841 Euler's Algebra or the First Lessons in Algebra were 

■ required. Ko other changes were made until 1843. The catalogue for 
I that year meutions for admission Davies' First Lessons in Algebra to 
I " Extraction of Square Eoot; " and " An Introduction to Geometry &om 
I the moat approved Prussian text-books, to Vil. — Of Proportions." Ho 
. other subjects were added autil 1S66-67, though there were some 

changes in the text-books. In 1850 Davies' and Eill's Arithmetics are 
mentioned ; iu IS53 Davies' and Chafe's Arithmetics ; in 18o9 Davies', 
Chase's, or Eaton's Arithmetics, Euler's Algebra, or Davies' First Les- 
sons, or Sherwin's Common School Algebra, aud the lutrodaction to 

i Geometry; in 1865 Chase's Arithmetic, Sherwiu's Algebra, Hill's Sec- 
ond Buokiu Geometry, Parts I and II, or " An lutrodaction to Geom- 
etry as the Science of Form" as far as p. 130. 

I In addition to these statements taken from catalogues it will be in- 
teresting to add the following account, given by Prof. William F. Allen, 
of the class of 1851 :• " The requirements for admission were not much 
above a common school. That is, I got my arithmetic and algebra in a 
country district school (well taught). Geometry I picked up for myself 
in a very small quantity. I remember at the entrance examination I 
was asked what an angle was. I thought I knew, but I thiuk I con- 
vinced the examiner that I didn't; however, I got in clear." 

During the first ten or eleven years of his teachiug Professor Farrar 
ased the books of Samuel Webber. A second edition of Webber's 
Mathematics appeared during Professor Farrar's incumbency. In 1318 
the course of study in mathematics was as follows : t Freshmen, alge- 
bra aud geometry, during the first and second term and three weeks 
of the first t«rm. iSopkomores, algebra, trigonometry and its appli- 
catious to height's and distances, and navigation during the third term. 
Juniors, natural philosophy and astronomy (Enfield's), mensuration of 
sa]>erfioie6 and solids, aud surveying during the third term. In place 
of llebrew, on the written request of their parents or guardians, stu- 
dents were permitted to attend to mathematics with the private in- 
structor, or Greek, or Latin, or French ; Seniors, conic sections and 
spherical geometry during the first term and h^lf of the second. We 
are informed, moreover, that for the attendance on the private iu- 
stuctor in mathematics, which was optional, there was a separate obarge, 
at the rat© of $7.50 per quarter. 
There was a public examination of each class iu the third term and a 

■ Letter to the writer, November 6, ISBd. i Hoith Ainericiui Beview, Marob, ISltl, 



132 TEACHING AND HISTORY OF MATHEMATICS. 

public exhibition of performances in compositioDy elocatioDy and intti 
mathematical sciences, three times a year. Prizes were also fpm. 
The Bowdoin prize dissertation was read in the Ohapel in the thiri 
term. Of these prizes, the first preminm was given in 1816 toJand 
Sparks, of the Senior class, for a dissertation ^< On the oharactw of St 
Isaac Newton, and the influences and importance of his diseoTerici' 
The title of this essay would show that Sparks had, verj probablj, 
studied fluxions, though this branch was not included in the cinicDlu 
for 181S, given above. Fluxions never had been a regalor stndy, oblig- 
atory upon all the students, though provisions seem to have been made 
for those wishing to prosecute it. 

During the twenty-nine years that Farrar was professor, from 1807 tD 
1836, 275 theses were written by students on mathematical snbJectB at 
Harvard, and deposited in the library of the college. Of these aboot 
one-fourth contain solutions of lluxional problems (or problems inToIfin; 
the differential and integral calculus); a little less than one-half an 
on the calculation and projection of eclipses ; the remainingron algebo, 
mechanics, surveying, etc. jVIany of these papers are interesting ii» 
morials of men since become in difFeriMit degrees famous. Thns Gkorp 
Bancroft wrote, in 1817, a thesis, " In venire Motum Verum Modorai 
Lunai ; " George B, Emerson, on " Fluxional Solutions of Problemiii 
Harmonicks " (1817) ; Warren Col burn, on "Calculation of the Orbit if 
the Comet of 1819 ;^ Sears Cook Walker, in 1825, on "The Transits 
Venus in 18S2,''and "The Effect of Parallax upon the Transit in 1883;' 
Benjamin reirce, in 1828, on "Solutions of Questions • • • fl^oa 
the Mathematical Diary, etc.;'' Wendell Phillips, in 1831, on ''Some 
Beautiful Eesults to which we are Led by the Differential Oalcalusii 
the Development of Functions."* 

The catalogue for 1820 shows that Webber's Mathematics and EueliA 
Geometry had been discarded. Farrar's new books came now to he 
used. The Freshmen studied Legendre's Geometry and Lacroix's Al- 
gebra. Analytic methods began to acquire a foothold. Gonio sectiODl 
were displaced by analytic geometry, which, with trigonometry, wai 
begun in tlie Sophomore and concluded in the Junior 3'ear. The Cats- 
logues from 1821 to 18i*4, inclusive, do not give the course of Htudy. In 
1824 the Juniors studied, during the second term, differential calcalas 
from Bezout's work, unless they exercised their privilege of electing mod- 
ern languages in place of mathematics. The catalogue of 1830 shorn 
some slight changes in the course. The Freshmen studied Legendiris 
Plane Geometry, algel>ra, solid geometry; the Sophomores, trig^onome- 
try and its applications, top<);jrapliy, and calculus ; the Juniors, natonl 
philosophy and mechanics in the second term, and electricity and mag- 
netism in the third term ; the Seniors, ()i)tics and natural philosophy. 

The following remarks by Dr. Peabody applying to this period 



• "Mathomatiral ThesiMi of Junior and Senior Chisscs, 17813-1839, by Heory C Bsd- 
ger," Bibliographical Contributious of tho Library of Hacvvicd CoUe^e^ No. 38. 
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instructive: "TLeohiiif labor and the crowuing honor of saceeBsfnl 
ficholarsbip were in mn.tlieuiatica aud tbe classics. The mathematical 
course extended through the entire fouryears, embracing tbe differeutialr__ 
calculus, the mathematical treatment of all departments of phyBi( 
science then studied, and a tboroug-hly mathematical treatise ou i 
tronomy. (Gummere's, afterward r&placed by Farrar's almost pnrel; 
descriptive treatise."*) 

Tbe year 1832 marks an epoch in the history of mathematical teaoh- 
iog at Harvard. It was then that Beujamin Peirce became professor 
of matbeDiatics aud natutal philosophy. 

While ibere had been men in this country who had cultivated matht 
mutics with ardor, they had seldom possessed the talent and aspirations 
for original research in this science. We have had many wlio were 
called " matbeinalicians," hut if this name bo nsed in tbe highest sense, 
and becouferred upon only such persons as have heeu able to discover 
mathematical truths not previously kuowu to man, theu it can fall 
upon very few Americans. The mere ability of mastering the contents 
of even difScult mathematical boiiks, or of compiling good school-books 
in this science, does not make him a mathematician worthy of standing 
by tbo side of Legeudre, the BeruouUis, Wallia, Abel, Tartaglia, or 
Pythagoras — to say nothing of such master miuds as Archimedes, Leib- 
nitz, and Xen'tou. But at last we have come to a name which we may 
pronounce with pride as being that of an American viathematician. 
We ueed uot hesitate to rank along with the names of Wallis and 
John Bernoulli that of Benjamin Peirce. 

It has been said that a young boy detected au error in the solntii 
givou to a problem by Nathaniel Bowditch. " Bring me the hoy 
corrects my mathemattos," said Bowditch, and Benjamin Peirce, thi 
years later, dedicated one of his great works " To the cherished aud 
vered memory of my master in science, ])lHthnnieI Bowditch, the fathi 
of American Geometry." The title of " father of American Geometry, 
which Peirce confers npon his beloved master, has been bestowed by 
foreign mathematicians apon Peirce himself. Sir William Thomson 
referred, in an address before Section A of the British Association, to 
Peirce as, " the founder of high mathematics in America." On a similar 
occasion Arthur Cayley spoke of him na the "father of American 
mathematics." 

Benjamin Peirce was born at Saletm in 1809. Ho entered Harvard 
College at the age of sixteen, and devoted himself chiefly to mathemat- 
ics, carrying the study far beyond the limits of the college course. 
Thus he attended lectures on higher mathematics by Francis Grund. 
While an undergraduate he was a pnpil of Nathaniel Bowditch, who 
perceived the genius of the young man and predicted his future 
greatness. Bowditch directed him in the development of his scientific 
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• 

powers, and gave him valaable instraction in geometry and analyiii 
When Bowditch was publishing his translation and commentary (rf flu 
M6oaniqne Gdleste, Peirce helped in reading the proof -sheets, and there- 
by contributed greatly towanl rendering it free from errora. Thisoritied 
reading of that great work of Laplace must have been an edncatia 
to him in itself. Indeed, a great part of Peirce's scientific laboFB wa 
in the field of analytic mechanics. 

Dr. PealKKly gives the following reminiscences of Peiroe :• " Whfle 
Benjamin Peirce the younger was still an under-graduate * * * it 
was said that in the class-room he not infrequently gave demonstntioiii 
that were not in the text-book, but were more direct, Bummaiy, or 
purely scientific than those in the lessons of the day.^ OoUege olana 
were then farther apart than they are now^ but even in our Seniv 
year we listeneil, not without wonder, to the reports that came up to 
our elevated platform of this wonderful Freshman, who was goingl/i 
carry off the highest mathematical honors of the university. On gnd- 
nating, he went to Northampton as a teacher in Mr. Bancroft's Boasd 
Hill School, and returned to Cambridge in 1831 as tutor. The neit 
year the absence of Professor Farrar in Euro[>e left; him at the head i 
the mathematical department (which he retained till his death ), the ti 
lowing year receiving the appointment of professor ; while Mr. Fans 
on his return was still unable to take charge of class instmction.* 

In 1842 Peirce was appointed Perkins professor of astronomy anl 
mathematics. This position he held until his death, in Oorober, ISM 
Tutor Henry Flint is the only person ever connected with the college 
for a longer time. 

We shall first speak of the mathematical text books written by Peiite, 
then of his record as a teacher, and, lastly, of his original researchei.i 

As soon as he entered upon his career as teacher of mathematics at 
Harvard he began the preparation of mathematical text-books. In 
183> appeared his Elementary Treatise on Plane Trigonometry, andia 
183G his Elementary Treatise on Si)herical Trigonometry. The two wen 
published in a single volume in later editions. In 1836 appeared abo 
his Elementary Treatise on iSound ; in I8;n, his Elementary Treatise on 
Plane and Solid Geometry and his Elementary Treatise on Algebn; 
during the period 1841~i6 he wrote and published in two volames hii 
Elementary Treatise on Carves, Functions, and Forces; in 1855, was 
published his Analytical Mechanics. 

Rev. Thomas Hill, ex-President of Harvard and an early pnpil of 
Peirce, speaks of these books as follows : *' They were so full of novel- 
ties that they never became widely popular, except, perhaps, the Trigo- 
nometry ; but they had a permanent influence upon mathematical teach- 
ing in this country ; most of their novelties have now become common- 
places in all text-books. The introduction of infinitesimals or of limits 

* Harvard Kemini8cencea,p. 181. 

t We Bball draw freely from the Meiaoiial CoUj^Woh, \>^ ^Q«A&'^SAsm^^'SSg|^ 
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into elementary books; the recognition of diiectiou as a fundamental 
idea ; the use of Hassler's definition of sine as an arithmetical quotient, 
free from entangling alliance ^ith the size of the triangle ; the similar 
deliverance of the expression of derivative functions and differential 
co-eliicients from the superfluous introduction of infinitesimals; the 
fearless and avowed introduction of new axioms, when Qonflnement to 
Euclid's made a demonstration long and tedious — in one or two of 
these points European writers moved simultaneously with Peirce, but 
in all he was an independent inventor, and nearly all are now generally 
adopted.'' 

The ratio system in trigonometry was used before this by Hassler in 
his masterly, but ill-appreciated, work on Analytic Tri;[;onometry, and 
also by Charles Bonnycastle in his Inductive Geometry. But this ays- 
tern met with no favor among teachers. The most popular works on 
trigonometry, such as the works of Davies and Loomis, as also those 
of Smyth, Hackley, Robinson, Brooks, and Olney, adhered to the old 
and obsolete "line system," and it was not till within comparatively 
recent years that the "ratio system" came to be generally adopted. 
The old "line system" was brought to America from England, but the 
English discarded it earlier than we did. In 1849 De Morgan wrote 
that the old method of defining trigonometric terms was universal in 
England until tery lately. 

The final victory of the system in this country is due chiefly to the 
efforts of Peirce, Chauvenet, and their followers. It is significant that 
Loomis, in a late edition of his trigonometry, has been driven by the 
demands of the times to abandon the old system. 

The advisability of using infinitesimals and the idea of direction in 
elementary text- books will be discussed in another place. 

About the beginning of the second quarter of this century consider- 
able dissatisfaction came to exist among the public about the college 
system as it was then conducted iu this country. The people demanded 
a change from the old scholastic methods. Then for the first time arose 
the now familiar cry against forcing the ancient languages upon all 
students entering college. It was demanded that greater prominence 
be given to modern languages, to English literature, to practical me- 
chanics, and that the student should have some freedom in the selection 
of his studies. Though some few modifications were made here and 
there in the college courses, the " New Education " did not secure a 
firm hold upon our colleges until the third quarter of the present 
century. 

In these reforms Harvard has always taken a prominent part. The 
elective system there has been traced back to 1824, when Juniors could 
choose a substitute for 38 lessons in Hebrew, and Seniors had the 
choice between chemistry and fluxions. Benjamin Peirce was an en- 
thusiastic advocate of the elective system. 

We now proceed to give the courses in mathematics darui^t\i<^ ^^^V^ 
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part of Feirce's connection with the college. His own text- books were 
adopted as soon as they came from the press. In 1836 aud 1837 tb 
Freshmen nsed Walker^s Geometry, Smyth's Algebra, Peirce^s Planeud 
Spherical Trigonometry ; the Sophomores, Farrar's bookA on Analytical 
Geometry, Galcnlus, and l^ataral Philosophy ] the Janiors continaedtlie 
Katnral Philosophy. 

In the catalogue for 1838 we notice important changes. The Freshmen 
stndied Peirc^s Geometry and Algebra ; the Sophomore class wai di- 
vided into three sections, of which the first pursued practical mathe- 
matics, including mensurariou, dialing, construction of charts, sorrej- 
ing, the use of globes and ini^^truments in surveying, daring the fint 
term ; and during the second term the general principles of civil engi- 
neering, nautical astronomy, and the use of the quadrant. This section 
was evidently intended to meet the demands of the time for practical 
knowledge, without having first laid a broad and secnre theoietical 
foundation. But little could be accomplished in civil engineering with- 
out a knowledge of calculus. Tho second section reviewed arith- 
metic, geometry, and algebra ; then took up conic sections, fluxions, and 
the mathematical theory of mechanics. The third section, intended in 
students of mathematical talents and taste, pursued analytic ^veometfy, 
theory of numbers and functions, differential and integral calcalos, and 
mechanics. 

But this arrangement did not prove satisfactory. The facts are tha; 
Professor Peirce's text-books were found very difficult, aud Peirce him- 
self was not a good teacher, except for boys of mathematical geniiUL 
Peirce was anxious to introduce the elective system, so that stadenti 
without mathematical ability would not be forced to pursue mathematica 
beyond their elements. In May, 1S3S, a vote was passed, permit- 
ting students to discontinue their mathematics ut the end of the Fresh- 
man year if they chose to. The catalogue for 1839 announced that 
^^ every student who has completed during the Freshman year the 
studies of geometry, and algebra, plain trigonometry with its applies- 
tions to heights and distances, to navigation, to surveying, and that of 
spherical trigonometry, and wlio has passed a satisfiictory examination 
in each to the accepumce of the mathematical department and a commit- 
tee of the overseers — may discontinue the study of mathematics at the 
end of the Freshman year, at the written request of his parenf 

Referring to these changes the president said, the following year, that 
the liberty to discontinue mathematics at the end of the year had been 
found highly acceptiible to both studejits and parents and had, thus far, 
been attended by no ill consequences; that elections in the secondary 
course had had a tendency to encourage tbose capable of profiting by 
the study of that branch; that those possessing mathematical talent were 
stimulated; that of lifty-five, only eight continued mathematics; and 
that the head of the department considered the voluntary systenoi 
superior. The difficulties in tho mathematical course for the Bopho- 
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iDores seemed to be remoTed. Bnt hovr nbout the Freshmou T Mai 
mBtica] studies were not popular with Uiein ; Iliey complaiued of c 
work. Ill 1839 the committee ou studies reported tbat "the mat&e-' 
matical studies of the Freahmau class are so extensive as U* encroach 
materially upon tJie time and attention due to other branches,'' and pi-o- 
posed to remove the time when ma.tbematical studies may be discon- 
tinued, from the end of the Freshman to the hrst term of the Sopho- 
more year. 

The catalogue for 1S33-39 gives no mathematics for the Junior and 
Senior years. The following year Peirce's Treatise on Sound was studied 
by, the Juniors, la 1841 au extended mathematical course was of- 
fered in the Junior and Senior years. The Juniors were to study Peiree's 
Treatise on Sound and the Calculus of Variations and Residuals; the 
Seniors, Poisson's M6canique Analytique and Celestial Mechanics. 
The number of students venturing to enter such difficult but enchanted 
fields of study were but few. In 1843 there were only two sections in- 
stead of three as before. One was called the course in Practical Mathe- 
matics, coraprisiug Peiree's Plane and Spherical Trigouometry; the 
otherwas called the course in Theoretical Mathematics, iu which Peiree's 
Algebra was concluded, and his Curves, Functions, and Forces, studied 
as iar as " Quadratic Loci." These two courses continued through the 
Junior and Senior years. The studies odered varied somewhat from 
year to year. 

In obedience to the practical demands of the times, the Lawrence 
Scientific School was opened iu 1813 as a branch of Harvard. It 
began as a school of chemistry. But. by Ihe year 1847 the plan of this 
Bchool was broadened so as to embntce other sciences. "There shall 
be established iu the Uuiversity au ailvanced school for instruction in 
theoretical and practical scienceand inother usual branches of acad^mio 
learning." Instruction was to be given by Pi-ofessor Dorsford iu chem- 
istry, by Professor Agassiz in zoology and geology, by Professor Lov- 
ering iu experimental philosophy, by William Bond in practical astron- 
omy, and by Professor Peirce in higher mathematics, especially in 
analytical and celestial meclnnios. The course offered by Professor 
Peirce to students iu this school, in 1848, was as follows : 

CuL'BeB i» UxTiisuATica asd AGTaoNour. 



>v^^^H 



Begular count. Parallel M>nr.-«. 

Fbircb. CoTves aud FuDotiotts. ■ Biot. Gi5omfltrie Aiml.vtique, 

LaCroix, CalcalDiff^rautisIetlot^gral. Caucuv, Cuuts d'Aaaljaa de I'^cole Bo- 

Caccbt. Lea AppUcMIona da Calaul In- jaln FolyteoUniquB. 

QDitfgimal k In QdoniStrla. Hamilton's roaeArolies rcapt^otiag qaa 

Mo.NOB. Applioatiou do I'Aiial^so i la Icrniona. ( Transact ions of tlie Hofal 

G4uiD£liie. Irish Academ;, Vol. XXI.) 
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II.— ANALYTICAL AND CELESTIAL MECIIAKIC8. 



Uegiilar course, 

Laplace. M6caniqneCdLeBtef tcanslated, 

with a Commentary, by Dr. Bowditch. 

Vol. I. 
Bowditch. Oh tho Computatiuu of the 

Orbits of a Flauct or Comet ; Appendix 

to Vol. Ill of bis translation. 
Airy. Figure of the Earth, ft-om the Jin- 

egolopadia Metropolitana, 
AiKY. Tidoa, from the £ncjifch^a:(lia Metro- 



Parellel coutm. 

' PoissoN. M<5caniqae Analytiqiie. 
j Lagranuk. M^caniqne Analytiqot. 
' Hamilton. General Method in Dynimiei^ 
from tho London Philosophical Tmn- 
I actions for 1834 and 1835. 

Gau8S. Theoria Motus Corponun CcbI» 
! tinm. 
; 13ES8EL. UntersachangBii. 

Lkvkurikr. Ddveloppementfl snr Flfr 

sieiirs Points de la Thdorie des Fertiff- 

bations des PlanMea. 
Lrvkuribr. Lee Variatioua S^onhini 

des £l6mens des Orbltos, poor lea S«pl 

Plauut«.'s Principalea, 
Levekrier. Thdorie dea MouTementidi 

Morcurt'. 
Lever KiER. Recherchea snr lea MoaT^ 

mentN de la Plandte Heraohel. 
Adams. Explanation of the Obaerradfr 

regularities in the Motion of UTaiiii%« 

the Hypothesis of Distarbanoea 

by a more distant Planet. 



ni.— MECHANICAL TnEOKY OP LIGHT. 



Regular course. 

Airy. Mathematical EHf^ays. 

Ma cC ULLAGE, On the Laws of Crystal- 
line Reflection and Refraction. (Trans- 
actions of the Royal Irish Academy, Vol. 
XVIII.) 



Parallel course, 

Cauciiy. Exercic^R d'Analyse et dePliyf' 
iqne Mathdniatiquea. 

Neumann. Thouretiscbe Unteraachiui| 
der Gosctzo, nnch Welclien daa Liehl 
ri'tlt'ctirt iind j^pbrochon "wrird. (Tnn^ 
actions of Berlin Academy for 1835.) 



Sach a course of Rtudies had never before been open to Amerieai 
stadents in any American college. Such a course, or any other equally 
advanced, was never presented in any other American institation be- 
fore the arrival at the Johns Hopkins University of Professor Sylvester. 
It must be admitti^l that the great mass of Harvard students never 
studied more mathematics than was absolutely required for their degree 
but now and then Peirce had a pupil who lilted mathematics, Qnde^ 
6too<l the greatness of his teaching, and npj)reciated and loved his 
character. Peirce was the center of an inlliuMice which led to thestait- 
ing of many a since distinguished scientific career. Prof. T. H. Saffoxd| 
one of his favorite pupils, says: ^' Among distinguished scholars of the 
years which I remember, were Prof. G. P. I>ond, afterward of the Ob- 
servatory ; Dr. B. A. Gould, celel)rate<l as an astronomer ; Rev. Thomas 
Dill, for a while president of Harvard; I^rof. J. 1). Rankle, of the In* 
Btitute of Technology, Boston j Prof. J. E. Oliver, of Cornell Univ6^ 



f ; Prof. A. Hall and Prof. S. Newcomb, of the TJ. 8. Navy ; Mr. W. 

G. Bartlett, since deceased ; Mr. G. W. Hill, of the Nautical Al- 
manac Office; Mr. Chaancey Wright, known as » philosopher ; Prof. 
James M. Peiroe and President Eliot, of Harvard ; Prof. 0. M. Wood- 
ward, of St. Louis ; Eev. G. W. Searle, of St. Paul's (R. C.} Church, 
New York City; Prof. W. Watson, formerly of the Institute of Tech- 
nology ; Professor Byerly, now at Harvard."* 

Of Peiroe aa a teacher, Dr. A. P. Peabody gives ns an interesting 
account.t It refers to the first year that Peirce was professor at Har- 
vard. 

" For the acadeinio year 1S33-.33, 1, aa tutor, divided the mathemat- 
ical instruction with Mr. Peirce. • • • He tonk to himself the in- 
Btruction of the Freshmen. The instruction of the other three classes 
we shared, each of us taking two of the four sections into which the 
closa was divided, and iuterchangiug our sections every fortnight. 
• " • lu one respect I was Mr. Peirce's superior, solely becauae I 
was BO very far his inferior, I am certain I was the bett«r iustrnctor 
of the two. The course in the Sophomore and Junior years, embracing 
a treatise on the Differential Calculus, with references to the calcnlns in 
the text-books on mechanics and other branches of mixed mathematics, 
was hardly within the unaided grasp of some of oar best scholars; and, 
though DO student dared to go to the tutor's room by daylight, it was 
no uncommon thing for one to come furtively in the eveuiug to ask his 
teacher's aid in some difficult problem or demonstration. For this pur- 
pose resort was had to me more frequently than to my colleague, and 
often by students who for the fortnight belonged to one of his sections. 
The reason was obvious. No oue was more cordially ready than be to 
give such help as he could; but his intuition of the wliole ground was 
so keen and comprehensive that he could not take cognizunce of the 
slow and tentative processes of mind by which an ordinary learner was 
compelled to make his step-by-step progress. In his explanations be 
would take giant strides ; and his frequent, ' you see,' indicated what 
he saw clearly, but that of which his pupils could gei hardly a glimpse. 

" Our year's work was on the whole satisfactory, and yet I think that 
we nere both con vi>iced that thediKVrential calculus ought not to have 
been a part of a prescrit}ed course. There was a great deal of faltering 
and doundering, even among else good scholars. • • • Our exam- 
inations were viva voce, in the presence of a commirtee of reputed ex- 
perts in each several department. We shrank from the verdict of our 
special committee in no part of our work except the caluulna. As the 
day approached for the examination in that branch we were solicitous 
that Robert Treat Paine, wbo was on the committee, should uot be 
present; for we supposed him to be the only member of the committee 
who was conversant with the calculas. He did uot come, and we were 

•Letter to the wnt«r, November 6, 1868, \ aat'jta4'B.Bm\avatttTiW*,'»!®a>,^-^S^- 
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glad. * * * If there were defects and shortcomingSi there was oer- 
tainly no one present who conid detect them." 

Peirce had no success in teaching mathematics to stadents not mafr 
ematically inclined, l^epcated and loud complaints were made at Hv- 
vard that the mathematical teaching was poor. The m^ority of stodenti 
disliked the study and dropped it as soon as possible. Says Pro£ Will- 
iam F. Allen (class of 1831) in a letter to the writer: 

^'I am no mathematician, but that I am so little of one is dae tothe 
wretched instruction at Harvard. Professor Peirce was admirable far 
students with mathematical minds, but had no capacity with othen. 
He took only elective classes, and of course I didn't electa Only two 
did in our class of about sixty, and I believe they soon dropped it hi 
my Freshman year I had very good instruction from Mr. Child, dov 
the professor of English literature, and editor of ballads. I had Hgp- 
bra and geometry with him, and did fairly well. In the Sophomore 
year (trigonometry and analytic geometry) wehadadiflereut instmctor. 
and it was a mere farce. In analytic geometry I was takou np onoeii 
the course of the term, on rectangular co-ordinates in space, and I 
knew perfectly well (although I was never so told) that at examination I 
should be called up upon rectangular coordinates in space. (Writta 
examinations had never been heard of.) When examination day cane 
(a committee in attendance) the tutor was sick, and a shudder m I 
through the class. But he heroically pulled himself together and he& \ 
his examination in person, and I was examined upon rectang^nlar eo- 
ordinates in space. The sum of my knowledge of analytical geometij 
at the present day is that there are such things (or were) as rectangular 
co-ordinates in space — and I suppose there must also be some oat of 
space. • • • Peirce's text-books were used. His geometry I Ijkcd 
much, also the algebra, only that it was pretty hard. • • • 

'* I graduated in 1S51, and I remember when I was in Germany two or 
three years later, I met a gentleman who had just returned from Amer- 
ica — a young German OeJehrte — and he assured me that there was not 
one mathematician in the United States, and only one astronomer, 
Peirce. It was not an agreeable thing to be told, for a patriotic yonng 
American as 1 was then, but I suppose it was not far from the truth." 

In January, 1848, Thomas Sherwin, by order of the committee for 
examination in mathematics reported that in 1847 there were preiient 
for examination but one Senior in I3owditch-.s Laplace, and only fi?o 
Juniors in Curves and Functions. lie went on to say that mathe- 
matics could bo made attractive, that, hence, arose the inquiry, why 
this study was so very decidedly unpoi)ular at the University, and 
why so general an opinion prevailed throughout the community, that 
the student stood less creditable in thi.s branch than in others. The 
answer to this was that the text books were abstract and difficult, that 
few could comprehend them without much explanation, that Peirctfs 
works were symmetrical and elegant, and could be perused with pleas- 
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^Bre by the adnlt luiml, bat that books for joangstmlentB should be more 

^Blin|)ic. The report theu says that tbcro aio mathematical worhs of no 

^Tmall merit, which embraced the aaine eubjetita aa the text-books 

now used, which were much less difficult of coiniirehenaioD, such as 

Bourdon's Algebra, J. R. Touiig'a Treatises, and a recent edition of 

Hutton's Mathematics. 

The majority report was followed by a minority report by Tliomas 
Hill and J. Gill, which diftered regarding the lest-hooks at Harvard. 
'■Tourmiiiority of the committee believe that tliesu textbooks, by their 
beauty and oompactncBS of symbols, by their terseness and simplicity of 
style, by their vigor and originality of thought, and by their happy 
seleutiou of liues of iurestigatiou, oITer to the studen t a beautiful model 
of mathematical reasoning, and lead liiin by the most direct route to the 
higher regions of the calculus. For tho^e iitudeuts who intend to go fiir- 
tlierthautheevery-dayapplicationaof trigonometry, this series of books 
is, in the judgment of the minority, b; far the best scries now iu use/ 

While the good qualities of Peireti's textbooks, as described by 
minority, must be acknowledged, it is nevertheless true, that owinj 
their compactness and brevity, which characterize all the writings 
Peirce, the books seemed obscure to beginners.* Still, hovrever, thi 
continued to be used at Harvard for many years longer. 

Professor Peirce said in his report of November 6, 18i9, ou theteaoh- 
log of higher mathematics iu the college and the Lawrence Scientilio 
Bchool, that he had two pupils. One of these students was a member 
of the Lawrence ScienliQc School, and the other was the child, T, Henry 
Sall'ord, who had attracted so much attention for his early development 
of mathematical ability. "These two students attended lectures oo 
analytical mechanics, and young Safford showed himself perfectly codi> 
peteut to master the difficult subject of research, aud once or twiee si 
prised his teacher by the readiness vrith which he anticipated the Q\ii 
ject of some t)ecaliar form of transformation. Up to this time SaQ'onl 
fully realizes his early promise of extraordinary powers as a geometer, 
but his friends c^aunot free themselves from apprehension, when they 
perceive that the growth of his body does not correspond to that of his 
intellect." He then states that with the mathematicitl pupil of the 
school the professor read also Lagrange's Mvcanique AnalyHque and Ls^- 
place's Tkeorie Analytique dea Probabilitev. 

'laBDOtberplnr^, Rev, ThomaaHill at>cttks of thoao liooksos follows (meiooriBl col- 
lection by Moses King) : "His text-boolis were also coniplaineU of fur their condeniia- 
tion, aa Iming therefore obscure ; Imt auder competent tuacliora, Ihc brevity was tLie 
causo of their sQperioi lacidity. Iu the Wallliam High School his buoka were nsad 
for niauy yean, and the graduates attained tborebf a clear and more Qseful, appliaatile 
koonlcdgeof mathematics than was gi von at any other high school in this conutry ; 
nor did they Cndany difficulty in iniwtering oven the demonstration of Arbogast's Poly- 
nomial Theorern, tm presented by Peirce. The latter half of the volume on the iDt«- 
ji,ral oalcQlns, full of the marks of a great analytical genius, is the only part of ftll 
tiis text-books really too difflcull foratndents of average abiiUs-" 
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As regards the namber of stadents electing mathematics, theoofr 
mittee of overseers stated, in 1849, that as long as the choioe is dBen^ 
the lighter labor will always bo preferred, and that this tendsDC^will 
probably get stronger. '^ Hebrew roots and polynomial roots will be 
neglected in a garden abounding with French bouqaets and Italiii 
masic; and even now it can not surprise us that, while the Smith pro- 
fessor of French and Spanish language and literatare, and instnutv 
in Italian, is surrounded by a gay crowd of utilitarian admiiers,tte 
Perkins professor of mathematics and astronomy is working in his d«p 
mines for one infant prodigy and one eminent Senior." Some Junioii 
studied analytical statics, and gave the best evidence of snocessfoldevi^ 
tion to the subject. 

The elective system was abandoned almost completely in 1850. Mttbe- 
matical studies were elective only in the <)unior and Senior years. Ib 
1867 the elective system was again adopted at Harvard, and on tbe 
most liberal scale. Sophomore mathematics were again no longer "R* 
quired." Peirce's books still held their ground. The only invaden 
were J. ^r. Peirce's Analytical Geometry, and, in 1866, Packle'e Analytk 
Geometry. In 1869 the committee of overseers reported that mstt» 
matics was a required study only for the Freshmen; that elective mstt» 
matics were taken this year by one hundred Sophomores, six JaniM| 
and eight Seniors; that the Sophomores and Juniors coald elect dtte 
pure or applied. They also stated that 'Hhe number eleotiofi^ this A 
partment in the upper classes is never expected to be larg^e, as tk 
studies are advanced beyond what most students have either aptitodi 
or occasion for.^ 

We find that, "for the last few years of his life Professor Peiroe bil 
for his pupils only young men who were prepared for profonndcr 
study than ever entered into a required course, or a regularly planned 
curriculum ; but he never before taught so efficiently, or T?ith resnlti 
so worthy of the mind and heart and soul, which he always pat into 
his work.** • 

It will be instructive to listen to what former pupils of Peiroe hsfe 
to say of him. Prof. Truman Henry Safiord, of Williams College, ssji 
in a letter to the writer: <' I was a student at Harvard iu the olassof 
1854. Prof. B. Peirce taught the Sophomores, 1 believe (I entered tbe 
Junior class), but not very well; he had hardly patience enoagh, I sap- 
pose. To the Juniors and Seniors he lectured on higher algebra, the 
calculus, and analytical mechanics. His lectures were substantially 
contained in his text- books — Algebra, Curves and FunctionSi and Ana- 
lytic Mechanics. They were verj^ iuterestinjj: and inspiring to those 
who could follow them. There was but little practice; the examples 
in the book were generally worked out. In my class a number (twelve 
or so) took the tirst year's work ; the second, which included integral 
calculus, complex numbers, and analytical mechanics, was taken bj 

* Harvard Bemiuificeuces, by k. P. Pe^V^^^y^^A^^ 
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^^par only. One of them waa C. K. Lowell, afterwards a cavalry gen- 
^■tBl in the Civil War, a nephew of Professor Lowell ; another, George 
j^Vtituam, Esq.; a third, W. 0. Paine, afterwards ft W«8t Point scholar, 

■ where be was first in his class, and a lieatenant of engineers, bat he 

■ resigned as a captain. The fourth was myHelf. I had heard some of 
ft Professor Peirce's lectures some years before, while a schoolboy, but 
tfe conld not follow them 80 well." 

m For Bomo years following 1S38 Prof. Joseph Lovering tanght classes 
hr ia malhemalics. Of bira and Peirce, Edward E. Hale says:^ "The 
B classical men made US bate Latin and Greek; but the mathematical 

■ men (such men ! Peirce and Lovering) made as love mathematiL-s, and 
we shall always be gTat«fttl to them." 

t 8a J3 Thomas Wentworth Higginson i "As to mathematical instrno- 

^ tion, this reform (elective system) waa an especial benefit, for Professor 

g Peirce's genius revelled in the new eeasation of having volnntary pupils, 

^ and he gave a few of as his Curves and Functions as lectures, with run- 

, ning elucidations. Kothing coald be more stimulatiug than to see our 

J ardent instructor, suddenly seized with a new thought and forgetting 

^ oar very existence, work away rapidly with the chalk upon a wholly 

P, new series of equations; and then, when he had forced himself into the 

j utmost corner of the blackboard and could get no farther, to see him 

. come back to earth with a sigh and proceed with his lecture. We did 

not know whither he was going, bat that huddle of new equations 

seemed like a sudden outlet ft'om this world, and a ladder to the stars. 

He gave a charm to the study of mathematics which for me baa never 

waned, although the other pursuits of life soon drew me from thatearly 

. love. This I have always regretted, and so ditlPeirce, who fancied that 

. I had some faculty that way, and had me put, when but eighteen, on a 

committee to examine the mathematical classes of the college. Long 

, after, when I was indicted for the attempted rescue of a fugitive slave, 

' and the prison walls seemed impending, 1 met him in the street and told 

him that if I were imprisoned I should Lave time to read Laplace's 

MScanitpie Celeste. 'In that caso,'.8aid the professor, who abhorred the 

abolitionists, ' I sincerely wish you may be.'" 

Among the more prominent mathematical tutors of this period may 
be mentioned C. W. Eliot, now president of Harvard, and James Mills 
Peirce, a sou of Benjamin Peirce. The latter graduated iu 1853, was 
tutor from 1S54 to 1858, and from ISfiO to 18C1, when he was made as- 
sistant professor of mathematics. In 1867 he became university profes- 
sor of mathematics. 

Benjamin Peirce presided for some years over a mathematical society 
It comprised eight or ten men of some reputation in Boston and Cai 
bridge, who met todiscnsa mathematical topics. Each member would 
present to the society such novelties as his inquiries into some particu- 
lar branch had suggested, and "iu the discussion which followed, it 

^f 'Howlwaa Edcoated, Fofttm.l, k^i\i,\««6,-s.%\. 
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would almost invariably appear that Peirce had, while the paper v» 
being read^ pushed out tlio author's methods to &r wider resulti Oa 
the author had dreamed.* His miud moved with great rapidity,aBd 
it was with great difficulty that he brought himself to writing ontein 
the briefest record of its excursions." 

We now proceed to a brief account of Benjamin Peirce'e original » 
searches. {Several original articles were contributed by him to tk 
Mathematical Miscellany an d to the Oambridgo Miscellany. Peiroe Ini 
planned an extended treatise on Physical and Celestial Mechan]e8,t» 
be developed in four systems, of Analytical Mechanics, Celestial 3b- 
chanics, Potential Physics, and Analytic Morphology. Of these Anu; 
only one appeared, the system of Analytic Mechanics, in 1855. Thenb' 
stance of this was prepared as a part of a course of lectures for mstb- 
ematical students at Harvard. The publication was undertaken ii 
the request of some of his pupils, especially of J. D. Bankle. He 
consolidated the latest researches into a consistent and uniform treatiae^ 
and carried <' back the fundamental principles of the science to a duik 
profound and central origin.'' It was very far from beings a mere cos- 
pilation. In his books ho supplanted many a traditional method ii 
mathematics by concise and axiomatic definitions and demonstratiiM 
of his own invention. As an instance of this wo mention his assai^ 
tion as self-evident that a line which is wholly contained upon a limiti 
surface, but which has neither beginning nor end on that surface, ms 
be a curve re-entering upon itself. By this new axiom he redncesi 
demonstration which would otherwise occupy half a dozen pages to i 
few lines, t 

Peirce's Analytical Mechanics was generally acknowledged at the tinfii 
even in Germany, to be the best of its kind.| An American stndentii 
Germany asked once an eminent German professor what book he would 
recommend on analytical mechanics. The reply was instantaneous 
^^ There is nothing fresher and nothing more valuable than your owi 
Peirce's recent quarto.'' 

Benjamin Peirce was much interested in the comet of 1843^ and id a 
few lectures he aroused by his great eloquence an interest in astrononj 
which led to the foundation of the observatory of Cambridge. Hii 
mathematical ability was llrst brought into general notice in con- 
nection with the discovery of Neptune. Messrs. Adams, of Cambridge, 
and Leverrier, of Paris, ha<l calculated, from theory alone, where thii 
planet ought to appear in the heavens, if visible, and Oalle, of Berlin, 
discovered on September 23, 18i(>, the planet at the place indicated to 
him by Leverrier. Peirce began to study the planet's motion, and came 
to the conclusion that its discovery was a happy accident; not that 
Leverrier's calculations had not been exact, and wonderfully laboriouii 

• NatioD, October 14, 18S0. ' 

i Rov. Thomas HiU, in the Memorial Collection, by Moses King. 
i Nature. October 26, 1880. 
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' and deserving of the highest honor, bnt because there vere, in fact, 
' two very different solutions of the perturbations of tjranas poasible; 
' Jjeverrier had correctly calcalated one, bnt the actn.il planet in the aky 

V represented the other, and the actual planet and Leverrier's ideal one 
lay in the Hiiine direction from the earth only in lS4fi. 

■ Astronomers of to-day would hardly accept Peirce's conclusions. 
' "Ilia views cume, probably, ii-om a misapprehension of Leverrier's 
-■ methods. There are two methods by which, in theory, the problem 
> oonld be approached, that of general and that of special perturbations, 
k Ijevercier nscd the latter, while Peirce's criticisms seem directed against 

■ the former." • 

r On February 2, 1847, Mr. 0. Walker, of Washington, discovered that 

i a star observed by Lalande in May, 1705, must have been the planet 

■ Keptuue, Thia obacrvation aiTorded the means of an accurate deter- 
ri mination of the orbit. Walker's orbit of Neptune furnished Fcirce 

■ vith materials for still luore thorough investigation of the theory and 

■ re-determination of the perturbations. These perturbations enabled 

■ Walker to gi't au orbit more correct, which Peiice used again iu his 
M turn. Thus, eighteen months after the discovery of Neptune its orbit 
H was calculated by American astronomers so accurately that the con- 
i( fctrmity between the predicted and observed places was far more close 
a for Neptune than any other planet itt the heavens.! 

^ A few years later Peirce published his investigations on Satnm's 
y rings. The younger Buud had seen the ring divide itself and re-unite, 
p and had been led by this to deny the solidity of their structure. Peiroe 
followed with a dctnoustrntion, on abstract grounds, of their nou-sol- 
^ idity.t The same Kubject was afterward investigated again iu England 
I by James Clerk Maxwell. 

Admiral 0. H. Davis, a relative of Peirce, sneceeded in persuading^ 
Congress to pay for the calculation of an American almanac for thff™ 
Bailors, so that we would not be dependent upon foreigners, which 
might be troublesome in case of war. The Nautical Almanac UOlco 
was established at first in Cambridge, under Davis's business manage- 
ment and Peirce's scientific control.^ One of the assistants in the 
ofllce, appointed in 1S49, was J. D, Hunkle, then one of Peirce's pupils 
in the Lawrence Scientific School. He helped in the preparation of the 
American Ephemeris and Nautical Almanac, in which he continued to 
engage till 18^4. 1 

The publications of this office gained scientiBc recognition from ths 1 
first. In 1852 were printed Peirce's Lunar Tables, to boused iu making 

•Pror. G. C. CooiBtoct, Wftsbliiirn Obsen-al 
C. A. Yooiig claima that tlie diacorfTf was ui 
371). 

i ProcwditigB American AMOolation far Advance meat of Science, Vol, VIIT, I3SI| I 
address by B. A. Gonlil, jr., p. 18. j 

t ABtronaiuicikl Joamol (Gimld'e), Vol. II, p. 5. 

f Development of Astronomy in tbe United States, \i^ t . ■&., ?.».5OT6.,\ftei,-s.i^- 
' 882— No. 3 10. 
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computations for the Nantical Almanac. They were intended to serve 
only a temx)orary purpose until Hansen's long expected tables shoold 
make their appearance, but they continued to be used after that. He 
made very laborious and exact calculations of the oocaltations of tbe 
Pleiades, \vhich furnished means of studying the form both of the earth 
and the moon. 

From 1852 to 1867 Peirce had the direction of the longitude observa- 
tions for the IJ. S. Coast Survey, and in 1867, after the death of Baobe, 
he was appointed Superintendent of the U. S. Coast Survey, which ofltee 
he held tUl 1874. 

Benjamin Peirce was more celebrated, in his day, as a mathematical 
astronomer than as a cultivator of pure mathematics. His most im- 
portant researches in pure mathematics were not placed in reach of the 
mathematical public until after his death. In our opinion, Feiroe will 
be remembered by future generations for his investigations on liDear 
Associative Algebra, quite as well as for his other sdentiflc achieve- 
ments. He will be remembered as an algebraist as well as an astrono- 
mer. His thoughts were turned especially toward the logic of maihe' 
matics and the limits and extension of fundamental processes. He read 
several papers on algebra before the American Academy for the Advance- 
ment of Science. In 1870 one hundred lithographed copies of a memdr 
on Linear Associative Algebra, read before the National Academy of 
Sciences, were taken, for distribution among his friends. This memdr 
was 4t last published in the American Journal of Mathematics, Vol 
lY, No. 2, with notes and addenda by C. S. Peirce, son of the anthor. 
Benjamin Peirce himself considered this memoir the best of his scientifio 
efforts. The lithographed copies contain the following modest intro- 
ductory remarks by the author^ which are omitted in the American 
Journal of Mathematics : 

" To MY Fbiends : ^ 

<^ This work has been the pleasantest mathematical effort of my fife. 
In no other have I seemed to myself to have received so full a rewsid 
for my mental labor in the novelty and breadth of the results. I pre- 
sume that to the uninitiated the formulas will appear cold and che6^ 
less, but let it be remembered that, like other mathematical formnlsBi 
they fiud their origin in the divine source of all geometry. Whether I 
shall have the satisfaction of taking part in their exposition, or whether 
that will remain for some more i)rofound expositor, will be seen in tlie 
future.''* 

* Peirce distiDgaishes bin algebras from each other by the number of their Ihnda- 
mental conccptiouA, or of the letters of their alphabet. Thus, an algebra whioh hat 
only ODO letter in the alphabet is a single algebra ; one that has two a double algebrti 
and 80 on. His investigation does not usually extend beyond the sextuple algebra. 
This classiiication he calls ''cold and uniiiHtructivo, like the artificial Linnean ij^ 
tem of botany." ** But it is useful in a ]>reliminary investigation of algebras nntUa 
Buflicient variety is obtained to afford the material for a natural classification." Ha 
^0U begiDB h'lB researches with atitf^le algebra, tVieii^QQa \iO double ^V^^Vwc^ anA ^^gn^ 
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Peirctfs memoir is a wonderfal volnme. It is almost entitled to rank 
"as a Principia of the pbiloaopbical study of the laws of algebraical 
op* rat ion." 

Oue of tbe pall-bearera at the faneral of the great«st Atnerican al{ 
braist was Prof. J. J. Sylvester. 

During the last tea years of his life Benjamin Peirce was relieV' 
of macli of the labor and responsibility falliug upon the head of a de- 
partment in a university by his son, Prof. James Mills Peirce. ThoDgh 
not the heir of his father's genius, Prof. J. M. Peirce is a thorough and 
able mathematician. He excels his father in beiuganezcellentleacher. 
In 1857 he pnbliahed an Analytic Geiometry, which was nsed for some 
years a» a text-hook at Harvard. He lias also published Three and Four 
Place Tables of Logarithmic and Trigonometric Functions, 1871; Ele- 
ments of Logarithms, 1873, and Matbematictil Tables, chiedy toFoar 
Figures, lat Series, 1879. 

OoDiieoted with the mathematical department are, since 1870, Pro£ 
C. J. White; since 187C, Prof. W. 13. Byerly ; since 1881, Prof. Benja- 
min O. Peirce, and Mr. George W. Sawin. 

Professor Byerly published in 18S0 his Elements of the DiCferential 
Calculus, and in 1881! his Elements of the Integral Calculus. Byerly's 
Calculus is a scholarly work. In the rigorous treatment aud judiciooa 
selection of subjects and adaptability to class use it is, we believe, 
surpassed by no other American work. Professor Byerly ases the 
DOtatiou, I),y, which was first employed in this couutry by Benjamin 
Peirce. In answer to a letter of inquiry regarding the history of thia 
notation Professor Byerly says :• " It was certainly used with some 

up to seztaple, makiag noarl; a bmidred Algebraa, which be ahovis to be pouilil«. 
Of all tliDBB, only Uirea Blgul>ca« bod ever been beard of before. Of tbe two oingls 
algobraa we bave one— tbe couimou algebra, ioDluiliDg atitkiDOtJo. Of the tbiee 
double algebraa we bave one, tbe oalcului of LelbnitE aod Newton. Of oTer ttreatf 
qaadruple algebras we have tbe quatertiionA of IlamiltoD, 

Prof. ArtUur Cayle,v, in hie preaidentiaL ftddroM before the Britieh AaaooiatioD, in 
IHS3, speaking of Puicce'a Linear Auoota tire Algebra, eaid: " We beie consider sym- 
bols J, J}, etc., which ai« linear function a of a determinate number of letters or onita, 
i, j, k, I, etc., with co-efflcients which aieorilinary analytiual uiagaitudes, real or im- 
aginary (viz, tbe eo-efficifota are in general of tbe form x-f ig, where t is tbe beforo- 
mentioned imaginary, or V—1). Tbe letters i, j, etc., are encb thatererybluary com- 
bine tion i'l }},ji, etc.. (the ij being in general nut equal toj'i] is equal to a linear funo- 
tion of tbe tetters, but under tbe restnotlun of satisfying tbe aasociatire law, viz, for 
each combiuallon of tbree letters i;.k^.Jk, so that there is a detertaloale aud unique 
product of three or more letters ; or, wbat la tbe same thing, tbe taws of combination 
of tbe units i,J, k, are defined by a multiplication table giving the values of ii, ij.jl, 
etc. ; the original unita may be replaced by linear fanutious of these nnits, so as to 
give riBiJ, for (be units flaall; adopted, to a inultlplicatiua table of tbe most simple 
form; and it is very remarkable bow frcqueiitly in those simplified forms we have 
nilpntent or idempotent symbols {P=0, or i'=i, as tbe ease ma; be), and symbols 
i,j, such that ij=i/f=0; and, aonsequeully, how simple are Ibo forms of the mulli^U- 
Utiuu tables wbioh deSnn tbe several systems, roapeolivel/." 

" Letter to tbe writer, Oecombor 27, luas. 
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freedom in England and on the Continent in the first half of this oentuiy. 
It is given in Barlow's Mathematical Dictionary, 1814, was used bj 
Cauchy about 1830, by Tortolini in 1844, by Schlomilch in 1846, andbv 
Boole and Garmichacl somewhat later, and each of the authors I hare 
mentioned uses the symbol as if it were a familiar one andwithoat 
reference to its history.'' 

Prof. Benjamin Osgood Peirce has published Elements of the Theoiy 
of the Newtonian Potential Function, 1886. 

Since 1SG7 great changes have been made in the requirepients for 
admission to Harvard and in the arrangement of the mathematicil 
courses. Since that time the elective system has been in operation in 
full force. The terms for admission have been much increased. 

From the selected sheets of the Harvard University Catalogue for 
1888-89 we take the following regarding the requirements for admis- 
sion, omitting whatever has no bearing on mathematics : 

The examinations for admission embrace two classes of stadies, elementary and 
advanced. 

The elemontar}' stadies are not supposed to be equivalent to one another ; Greek, 
Latin, and mathematics have much greater weight in the examinations than aoyof 
the rest. 

The advanced studios are supposed to be equivalent in regard to time spent npoo 
them at school, and will have the same weight in the examinations. £aoh of tbe 
advanced studios is taught in college in an elective course (or two half-ooanes) oeei' 
pyiog throe hours a week for a year ; and the standard required at the entrance et 
aminations is the same as in the corresponding college courses. 

The elementary studies are prescribed for all candidates, except nnder the eoodi* 
tions named below (Paragraph I) ; and every candidate is further required to prennt 
himself for examination in not less than two of tbe advanced studies. 

I. The advanced study numbered G together with one of the three numbered 7(sw 
below nnder "advanced studies in mathematics '')» ^ (physics), and 9 (ohemUtry), 
may be substituted for either elementary Greek or elementary Latin. 
Elementary Studies in Mathematics — 

(a) Algebra, through quadratic equations. (The requirement in algebra embraeM 
the following subjects: Factors, common divisors and multiples, fractions^ ratioii 
and proportions; negative quantities and the interpretation of negative xesnlts; 
the doctrine of exponents; radicals and equations involving radicals; the binomial 
theorem for positive integral exponents and the extraction of roots; patting qaes- 
tions into equations, and the reduction of equations; the ordinary methods of elimi- 
nation, and the solution of both numerical and literal equations of the first and see- 
ond degrees, with one or more unknown quantities, and of problems leadin^^ to sooh 
equations.) (&) Plane geometry. 

Advanced Studies in Mathematics — 

f). Mathcmatics.—ia) Logarithms; plane trigonometry, with its applications to sor- 
veying and navigation. (I) Either solid geometry or the elements of analytic geom- 
etry. 

7. Mathematics. — (a) Either the elemc^nts of analytic geometry or solid geometry. 
(6) Either eleniontary mechanics or advanced algebra. 

The following books will serve to indicate the nature and amount of ths reqatre- 
meuts in logarithms and trigoii«)iiietry, analytic g«^o:iiotry, and mechanics: 

Logarithms and Trigonoiiiotry. Wheeler's Logarithms (Cambridge, Sever) or the 
uubrackctcd portions of Poircc's Elements of Logarithms (Boston, Ginn ^ Co.). 
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Wheeler's Plane Trigonometry (eame puWiBbers). Probleraa in Plane Trjgonomel 
(Cambridge, Sever). Poirce's Mnthemntical Tublea (Bnsloii, Giiio &. Co.). 
AoHljtic Geometry. BrigBa't Analytic Geometry (Sew York, Wiley & Co.)- 
Meobanica. GoodwiD'a Elunentary Statics (London, Bell &. Sous; Cambridge, 

AdraBced Algebra. Wentworth's Collfisu Algebra (Boston, Ginn &. Co.), to arti- 
cle 498, oinittiog Chapters SIX, XX, XXIV, XXV. XXVII, XSVIII. Tbo esami- 
nation will be mainly occupied with tlie portiona of algebra, as thns defiucd, whiol 
are not incladed in the elementary reqnireinent in algebra; but elementary qneatiooe 
are not neoesBarily excladod. 

All ill all, tbei'e are niue "advanced" studies to choose from. Since 
one can enter the college after passing an examination on all the "ele- 
mentary" stndies, and on at least two of the "advanced" Btadies, it 
follotPEi tliat the least amount of mathematics required for admission, as 
a regular student, is that stated above under the heading "Eleineutary, 
Studies in Mathematics." 

The following are the 

Courses of instruction in viatheniatics, 
(188S-S9.) 

A. LogarlthmB,— Plane Tiigonomelry, wilb i ta applioationa to SaTveying and Nai 

gation. Sal/eourtt. Tu., Th., Sal., at II (fint kalf-gear). ProfeMor C. 
Whits. 

B. Analytic Geometry (elemeolary course). Ealf-eourm. Th., Th., Sat., 

half-ntar). Professor C. J, Wbitk. 

C. Analytic Geometry (eitended course). Afon., W»d., Fri., at 2. Profeaaor Btbblt. 

D. Alcebta. Sal/coaise. Mon.,md.,Fri.,atUand3(.firilka!/-!iear). Mr. Saww. 
O. Algebra (extended i-ourse). Half-courii. Ta., Th., Sal., al 10 (firUkalf-ntar). Mr. 

Sawin. 

£. Solid Geometry. Salf-courit. Tu., TIi., Sal., at 10 {lecond hal/-ptar). lii.SxvuC, 
F. Elementary Mechanics. Half-ooarit. ifan., Wed., /Vi., at 12 (leoond half-year) ' 
Mr. Sawik. 
Not to be given after 1883-89. 
ConrHe3.J, B,E,&nd PcorreBpondtoAdvAQcedHathematicol Studies embraced, 
as optional studies, in the esamination for admlaaion to college. 

1. Practical Applications of Plana Trigonometry.— Spherical Trigonometry. — Appli- 

catiOQB of Spherical Trigonometry to Astronomy and Navigation. R^d., fri,, 

at 3. Professor C. J. White. 

Course I is open to Freshmen who huTB passed the examinatioa in Piano Trij 

onometry. 

2. Differential and lutegral Calculus (First Courao), Mon., JTtd., Fri., at 11. Pro- 

fessor C. J. White. 
Coarse 2 is open to those only who have taken Course B or Courae C. 

3. Analytic Geometry; higher course. Hon., (Pcd., Fi-'i., at 10. Profeasor J. M. 

Peirce. 
' Course U is intended for stadeota who have taken Course C; but those ir! 

have taken Courae D may elect it, if deemed qiialilied by the inatrnctor. 
i. The Elements of Mechanics. Tu., Th., Sat., at 9. Professor B. O. Fxiitcn. 
Course 4 is intended for stadonta who tAke or bare taken Coarse 2. 
Candidates for Second- Year Honors may take Coursea 2 and 3, or 2 ai 
Other couraas may be accepted on special politiou. 
6DifflsrMitialBndIntegralCalcaIns(S«soondConr8e). Hon., Wtd,, Fri., at U. P(*- 
feuOT Btkblt. 
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L6. QaatomioDS and Theoretical Mcchanioa. Mon,^ WetL, FrL, at IS^ Piofflwir J. 
M. Peibce.] 
Omitted in l»b8-89. 
[7. Higher Plane Carves. Profe«or J. M. Pboci.] 

Omitted in 1888-SU. 
. 0. Analytic Mechanics, i/on., Wed., Fri., at 10. Professor Byxri.t. 
9. Qnatemionsand Theoretical Mechanics (Second Coarse). Jllion.ai l^FrLlUl 

Professor J. M. Prirce. 
10. Trigonometric Series; Introduction to Spherical Harmonica, — Theory of thsF^ 

tential. Tu., Th., at 12, Wed, at 10. Professors Btkblt and B. O. Peibci. 
[11. Hydromechanics. Professor B. O. Peuux.] 

Omitted in 1888-89. 
13. The Theory of Fnnctions. Mon, at 11, Wed. 11-1. Professsr J. IC. Fbibcb. 
20. Special Advanced Stady and Research.— The work of the following ooorssi wiD 
consist in investigations and reading, to be carried on by tbe otodents la thi 
courses, under the guidance of the instructors. Students will be expeetedtt 
present their results from week to week in the form of leotaree and thesei 

(a) Questions in the Theory of Functions. Wed,, 3.30-6.30. Ptofessor J. K 
Peircb. 

(b) Higher Algebra (First Course). Mr. Sawin. 

Some few stadies in the college course are prescribed, bat all maOn- 
matical studies are elective. No matbematics need therefore be stadiedia 
college. A student can, if he chooses, get the degree of baohelor of 
arts without having had more mathematics than plane geometry and 
algebra through quadratic equations — the minimum reqairement fr 
admission. 

We conclude this article by quotations from a letter by Prof. L. 1. 
Hoskins, of the University of Wisconsin, who, in the year 1884r-86| mi 
honored with a fellowship at Harvard, and studied higher mathema&i 
there. 

*< There were two courses, in < quaternions and theoretical meobaokii' 
given by Prof. J. M. Peirce, each three lectures weekly for the yen. 
The first course gave the elements of quat^r uions and the dynamioB of 
a particle, covering about the ground of Tait and Steele's djnamks of 
a particle, but treated by quaternion methods largely. The aeecmd 
course continued with higher applications. • • • Atbird ooarNfOn 
analytic mechanics, was offered by Prof. J. M. Peirce, consiatini^of leet- 
ures, following Benjamin Peirce's Analytic Mechanics, for the firat half' 
year, and for the second llouth's Rigid Dynamics, the part relatlDg to 
moving axes and relative motion, oscillations about equilibriam, oeofl- 
lations about a given state of motion, motion of a rigid body under any 
forces — in short, the first five chapters of Volume II. ••• I at- 
tended also a course in "arbitrary functions," by Prof. W. E. Byeriy. 
This covered most of the ground of Riemann's PartielU Differmtial' 
gleichungen. The main subject treated is the methods of aolntion of 
partial differential equations subject to given conditions, aclaas of prob- 
lems constantly arising in physics. The course naturally InoladeB the 
proof and discussion of Fourier's Theorem, and the treatment of tbe dif- 
ferent kinds of spherical harmonics, since these are of great oae i& tlid 
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Dlntioo of certain dassesof partial differential equations. On the wbole, 
[ found tbi3 as attractive a part of pure mathematics as 1 ever en- 
tered. • " • 

*' I miif remark that tha branches of higher mathematics to which 
iBost attcution is paid at Uarvarcl seem to be theoretical mechauics and 
-qnaternions. This is doabtlesa due to the influence of Benjamin Pcirce, 
whose attaiumCQts in the former line are welt known, and who was also 
ainon^ the first to recognize the high ralue of quaternion methods. 
• • • I am able to give both of them (Professors J. M. Peirca and 
Byerly) high praise as teachers of mathematics. Both are clear, logical 
lecturers, and popular with the studeiita. • • • Of him [Prof. B.O. 
Peirce] 1 have little personal knowledge, but am sure no professor 
held in higher estimation, both as to attainments and ability as | 
teacher. " • • In 1884-85 the nnmber of graduate BtodentstakiliJ 
mathematics was five. • • • 

"A mathematical ' seminar' was maintained with a good deal of in- 
terest, with weekly meetings throughout the K^eater p;irt of the year. 
These meetings were under the supervision of the mathematical faculty, 
and were rather informal in nature, though a formal programme wai 
usually carried out, usually by volunteer lectures or solutions." 



TALE COIXEGB. 



The successor in the chair of mathematics and natural philosophy ti 
the lamented Professor Fisher was Matthew E. Dntton. He i 
graduate of the college and was professor from 1822 to 1S35. He 
was the author of a work on conic sectious and spherical tngonometry. 
This work was subsequently revised by Dwiglit, who "laid the students 
and teachers of that day under everlasting obligations by his simplifl- 
cation and abbreviation of ttiose endless algebraic formula in Duttoa's 
Couic Sections." 

From 1826 to 1S36 Deniaon Olmsted occupied the chair which had 
been made vacant by the death of Professor Uutton. He was born in 
Hartford, Conn., in 1791, graduated at Yale in 1813, became tutor there 
in 1815, was elected professor of chemistry at tho University of North 
Carolina in 1815, and flually returned thence to assume the duties of 
the chair of mathematics aud physics at Yale. He hud made natural 
philosophy and chemistry bis specialty, and possessed no special iitness 
for the teaching of mathematics. 

Profeaaor Olmsted was renowned as a teacher rather than an orig- 
inal investigator. His teaching power was indeed great, and he exerted 
a beno&cial influence, not only iu college, but also npou the education 
in the common schools of Gonnecttcat. In 1831 appeared his Natural 
Philosophy, which superseded the autiqiiated work of Enfield. In the 
next year was written hia School Philosophy, a more elementary work ; 
and iu 1839 his Astronomy. Ho wrote also the Rudiments of Natural 
Philosophy aud Astronomy, which passed through some fifty editionst 
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His Natural Philosophy and Astronomy came to be almost nniversallj 
used in our colleges. The Philosopliy was later revised by FroL K S. 
Snell, of Amherst College, and, still later, by Prof. J. FickliU| of the 
University of Missouri. In point of scientific accuracy Olmsted's worka 
were sometimes rather defective. They were somewhat old-£eu3hioned. 

As early as 1830 a good telescope of moderate size was procured at 
Yale College. For want of an observatory it was difficult to make ac- 
curate observations with it. But it served, nevertheless, the exceUent 
puriioseoffumishing a means of observing the great November shower 
of meteors, which occurred not long afterward. These showers, Hal- 
ley's Comet, and the telescope enabled Professor Olmsted to arouse a 
great deal of astronomical enthusiasm at Yale, and for a few years a 
number of students turned their attention to astronomy. Of the math- 
ematicians and astronomers who graduated in those days are Stanley 
aud Mason, loug since deceased ^ and Loomis.aud Lyman, who are now 
aged professors at Yale. The ablest mathematician and astronomer 
which Yale has produced is William Chauvenet. As a teacher he was 
never connected with his alma mater^ though a professorship was of* 
fered him twice. 

In 1835 the chair of mathematics and natural philosophy was divided 
into two separate ones — Olmsted retaining that of natural philosophy} 
and Anthony D. Stanley being elected to that of mathematics. 

One of the most x)rominent of early tutors in mathematics at Yale wai 
F. A. P. Barnard, of the class of 1S28, which was known as a ^*math^ 
matlcal class," for the mathematical talent it embraced. While tator at 
Yale he prepared an edition of Bridge's Conic Sections, in which the 
work was substantially rewritten and also considerably enlarged. 

We proceed to examine the mathematical courses during the time 
of Professors Dutton and Olmsted. 

In 1824, Arithmetic was the requirement in mathematics for admis- 
sion; in 1833, '* Barnard's or Adam's Arithmetic;" in 1845, Arithmetic 
and Day's Algebra to quadratics. 

The mathematical course for 1824 was, for Freshmen, Day's Algebra 
duriug the iirst two terms, with no mathematics for the third term; for 
Sophomores, six books of Playfaii-'s Euclid during the Iirst and part of 
the second term, and Day's ISIathematics (includiug plane trigonouietry, 
logarithms, mensuration of surfaces and solids, isoperimetry, navigation 
and surveying) and Duttou's Conic Sections, duriug the rest of the year; 
for Juniors, Duttou's Spherical Trigonometry during the first term, and 
Enfield's Astronomy and Vince's Fluxions duriug the third term. The 
Seniors had no mathematics iu their course. In 1825 the study of £!aclid 
was begun at the close of the Freshman year. Vince's Fluxions still 
appeared in that year as a text-book. 

The writer has not been able to see catalogues for the years 1826-st2. 
In 1833, Olmsted's Natural Philosophy was in use. "Fluxions" were 
also named, but this meant then, most likely, the differential aad in- 
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te^rrftl calculus. In the Sophomore year, Bridge's Codic Sections (prob- 
ably Barnard's edition) was used in place of Duttoii'u. No clianges io 
the course were made for several years after. 

The leaching of mathematics to the two lower classes in college wa( 
generally intrusted to young and inexiiorienced tutors, who had, as i 
rule, a very meagre acquaintance with the subjects which they weiw" 
supposed to teach. It is therefore not surprising that poor results 
were generally reached, and that the study of mathematics was very 
unpopular. Especially unpopular was the study of conic sections. 
JSo eH'orts seem to have been made on the part of tutors to make this 
study more attractive and to show its usefulness, by pointing out its 
application in the study of physics and astronomy. Moreover, the old 
books on conic sections were as dry as dust. The dissatisfaction among 
students finally culminated, in 1330, in what is known as the "conic 
sections rebellion." Rebellions among students were theu not unfre- 
quent. Some years previously Lad taken place the " bread and butter 
rebellion," caused by the poor quality of board that the students were 
receiving. Keither their physical nor their intellectual food seems to 
have been palatable to them. The "conic sections rebellion" was a 
refusal, on the part of the Sophomores, to recite in the manner pre- 
scribed by the college rules. They petitioned that the method of rec- 
itation required by the college be changed, that they might " explain 
conic sections from the book, and not demonstrate them from thd 
figure,"" We should judge from this that the practice had hitherto 
prevailed of simply asking the student to explain certain parts of the 
subject, with the book open before him, without requiring him to go to 
the blackboard (if blackboards were nsed) to explain the lesson from 
his own figure independently of the book. We have not been able to 
ascertain at what time the blackboard was introduced into the mathe- 
matical class-room at Yale, but it is not unlikely that the above rebel- 
lion arose in the attempt, on the part of the faculty, to introduce snch 
improved methods as the use of the blackboard would suggest. The 
new methods may have called for greater effort on the part of the stu- 
dent, and may thus have brought about the "rebellion." 

The general impression prevailed at Yale, in those days, that the 
mathematical course there was a very difficult and thorougli one. " This 
fancy certainly derived some support from comparison with the class- 
ical course, as compared with which tbo mathematical was undoubtedly 
a good one."t 

Mr. Briated, who entered Yale in 1835, says that in mathematics the 
classes studied books rather than subjects, and crammed from one day 
to another. " A great deal of the work," says he " of the second and 
third year consisted of long calculations of examples worked with loga- 
rithms, which consumed a great deal of time without giving any insight 

• Yale College : .1 Skowh of its History, by WiUiniii L. Kingaley, p. 137. 

tFiva Years m Englisli UuivorsiUes, by Charles Astor Ufu.laii,'W.64.,\W3.,^.'Efe. 
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into principles, and were equally distastefal to the good and the bad 
mathematicians." <^ They (the best mathematicians) complained that 
i^^ith the exception of two prizes for problems daring the Freshman and 
Sophomore years, and an occasional < original demonstration' in the 
recitation room, they had no chance of showing their superior ability 
and acquirements; that much of their time was lost in long arithmetical 
and logarithmical computations; that classical men were oontinnally 
tempted to 'skin' (cox)y) the solutions of these examples, and thns pat 
themselves unjustly on a level with them." The bad practice of giving 
long and tedious examples to work has been quite prevalent in our 
colleges until within recent years, especially in trigonometry. For or* 
dinary class- work four-place logarithmic tables are sufficient, we shoold 
think. Prof. J. M. Peirce, of Harvard, has done much toward inaugu- 
rating a reform in this matter, by his publicatio;i of four-place tables. 
Such tables are of sufficient accuracy even in connection with the ordi- 
nary physical experiments which the student may make in the labora- 
tory. 

In 1836 Anthony D. Stanley became professor of mathomatios. He 
held this place until his death in 1853. Ue was a native of Connecti- 
cut and graduated at Yale in 1830. Two years later he was appointed 
tutor and afterward professor. We are told that Professor Stanley 
took special interest in the theory of numbers, and that he had onoe an 
excellent occasion to show his skill. ^' In 1835 an anony moas writer ia 
the Stamford Sentinel challenged the entire faculty of Yale to arrange 
the nine digits in such order that their square root could be extracted 
without a remainder. In a few days Mr. Stanley over the signature 
^^X'' gave the required solution, and added that the question admitted 
of more than one answer, and called upon the proposer to prodace 
theni. To this challenge his opponent made an evasive reply, in which 
he stated the number of solutions to be nine, but did not commanicate 
any solution." * Stanley found twenty -eight different solutionSi bat even 
a larger number is possible. 

It seems that when Stanley was appointed professor he did not im- 
mediately enter upon the discharge of the duties of the chair, but went 
to Europe two years and spent most of the time in Paris, where he at- 
tended lectures at the Sorbonue and College of France. In 1846 he 
published Tables of Logarithms, which were uncommonly aconrate. In 
1848 appeared his Elementary Treatise on Spherical Geometery and 
Trigonometry. In the preceding year he published an article in the 
American Journal of Science, " On the Variation of a Differential Oo- 
elBcient of aFunction of any Number of Variables.'* " In this memoir,'' 
says Professor Loomis, *^ be resolves a problem which had already oo- 
cupied the attention of La Orange, Poisson, Ostrogradsky, and Pagani, 
the latter of whom was the only one who obtained a correct solution of 
it Professor Stanley here gives a solution of the same problem more 

Yale CoHego: a Sketoh of its liistory, by William L. KiDgsley, 
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simple aod conciau tbao Fagaui'K, ami whicb woa discovered before re- 
ceiving the acilution of tliat laalhematidan."* In 18i9 he BnQ'ered from 
» severe cold, and he sought relief i a Italf and Egypt. Oa liia return 
he assisted in completing the revision of Day's Algebra, which he had 
began before leaving, lie died in 1853. 

tiomewhat later than Prof. Charles Davits, Prof. Elias Loomis began 
the publication of mathematical text-books, which, like Davieu' works, 
became extremely popular throughout the United States. Professor 
Loomis has been connected with Yale College since 18C0, but not as 
professor of mathematics. Indeed, Ids specialty has not been mathe- 
matics. His original contributions to science have been in other fields. 
At Yule he has been professor of natural philosophy and astronomy. 
His chief scientiQo work has been as a meteorologist and astronomical 
observer. lu his younger days Professor Loomis was a mati of wonder- 
ful activity, but now he is nearly four score years old and an invalid. 

Professor Loomis was born in Couoecticut iu 1811 ; was graduated at 
Yale OoUege iu 1830. At er graduating he occasionally contributfid 
solutions to Ryan's Mathematical Diary. He was tor a lime tutor in Yale. 
Together with Professor Twining, of West Point, he made observations 
for determining the altitude of shooting-stars. These were, most likely, 
the first concerted observations of the kind made iu Amexica. He was 
the first one in America to discover Halley's Comet in 1835. The next 
year he was chosen professor of mathematics and natural philoso|)hy at 
the Western Reserve College, with pern^ission to speud a year in Eu- 
rope. In Paris he attended lectures of Arago, Biot, Poisson, Dulong, 
Poaillet, and others. He returned with astronomical, physical, and 
meteorological instruments, and during the next season an astronomical 
observatory was erected at the Western Reserve College, in Ohio. Only 
three observatories existed in the United States before this, namely, at 
the University of Xorth Carolina, at Yale, and at Williams College. 

In 1844 Professor Loomis became professor in the University of the 
City of New York. " Having here no instruments for observation, be 
was induced to undertake the preparation of a text-book on algebra; 
especially designed for the use of his own classes. This book prepared 
tie way for a second, and the second was followed by a tbinl, until, ul- 
timately, his te:it books embraced the whole range of mathematics and 
natural philosophy, astronomy, and meteorology."* His principal 
mathematical and astronomical text books are. Plane and Spherical 
Trigonometry, 1848; Analytical Geometry aud Calculus, 1857; Ele- 
ments of Algebra, 1851 ; Elements of Geometry and Conio Sections, 
1851; Practical Astronomy, 1855; Elements of Arithmetic, 18U3. His 
treatise on astronomy, now obsolescent, received in its day high com- 
mendation from leading astronomers. Some of his mathematical text- 
books were, at first, very thin, bnt were gradually enlarged in subse- 

* Yale College; aSkeUib of Its History, by William L. Eiogslo;. 
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qaent editious. Thus, his Analytical Geometry and Oaloalas were at 
first combined in one small volume, while, subsequently, the two sub- 
jects were published separately in volumes about as large, each, as the 
earlier combined volume. 

The books of Loomis were written in a clear, simple style, and were 
well adapted for use in the class-room. There was nothing in them 
which any student of ordinary ability and application did not readily 
master. These characteristics made Loomis's works very popular. A 
student desiring to secure a somewhat extended knowledge of the vari- 
ous mathematical subjects would hardly have found Loomis's works 
to answer his purpose ; nor would the works of Da vies have given him 
better satisfaction. He would have found more of what he wanted in 
the books of Peirce aud Ghauveuet. Nor were Loomis's works always 
up with the times. The treatment of series is bad, both in his Algebra 
and in his Calculus. Again, take the following statement, for instance: 
<^ 'So general solution of an equation higher than the fourth degree has 
yet been discovered."* This piece of historical information is onsatis- 
factory; for, in the first place, M. Hermite has given a transcendental 
solution of the quiutic and, in the second place, Abel and Wantzel have 
proved that an algebraic solution of equations hi£:her than the fonrth 
degree is impossible. Perhaps the best mathematical work, in point of 
accuracy, is his Elementary Geometry. It has been said of American 
writers that, w^hile they have given up Euclid, they have modified Le- 
gendre's Geometry so as to make it resemble Euclid as much as possi- 
ble. This applies to Loomis with greater force, perhaps, than to any 
other author. His trigonometry has been wedded to the old *^ line sys- 
tem," and it is only within the last two or three years that a divorce 
has been secured. 

While Loomis has made no original contributions to pure mathemat- 
ics, he has not been idle in other lines of research. He has coutribnted 
one hundred or more papers (chiefly on astronomical, meteorolo^cal, 
and physical subjects) to the American Philosophical Society, Connecti- 
cut Academy, Smithsonian Institution, American Journal of Science, 
and Gould's Astronomical Journal. Some of his papers have been re- 
printed in Europe. His Contributions to Meteorology was translated 
into French. 

Professor Stanley's successor in the mathematical chair at Yale is 
Professor Hubert Anson Newton. He graduated at Yale in 1850, after 
which he studied higher mathematics. In 1852 he was made tutor, and 
when he entered upon that office in 1853 he was given charge of the 
entire mathematical department at once, owing to the illness of Profes- 
sor Stanley. In 1855 he was elected full professor, with x)ermission to 
spend one year abroad. In 1856 he began the active discharge of the 
duties of the chair, which he still holds. Professor Newton's publica- 
tions have been restricted almost exclusively to scientific papers, which 

* Treatise on Algebra, 1873, p. 334. 
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have appeared in the Memoirs of the National Academy of Sciences and 
iu the American Journal of Science. Ho is best known to aoienoe for 
his observations on shooting-stars aud atar-sbowers. lie wrote for the 
Encyclopaedia Britannica the article on "Meteorites." His work in 
pnre mathematics Inoludes a paper " On the Construction of Certain 
Carves by Pointe," published in the Matbematical Monthly, and on 
"Certain Tranecendental Curves." 

Since 1S71 Eugene L. Richards bos been assistant professor of mathe- 
matics. He is the author of a Trigonometry. 

In 1873 John E. Clark, who had been professor at the University of 
Michigan, was chosen professor of mathematics at Tale. Since 1881 
Andrew W. Phillips has been assistant professor of matbematics ; also 
William Beebe since 1S82. Phillips and Beebe have written a novel 
and successful treatise on Grapbic Algebra. 

In 1871 J. Willard Gibbs was elected professor of mathematical 
physics. He graduated at Yale iu 1858, and after graduation contin- 
ued his matbematical aud physical studies. He was tutor from 1863 
to 186C. Afterward he went to Europe and spent three years in study 
at Paris, Berlin, and Heidelberg, Much of his time has beeu given to 
thermodynamics. He contributed in 1373 to the Connecticut Academy 
an article on Graphical Methods in Thermodynamics of Fluids. In the 
same year appeared A Method of Geometric Eepreaentation of the Ther- 
modynamic Properties of Substances by Means of Surfaces. 

But Professor Gibbs's studies havebeou carried on also in the field of 
pure mathematics. He has published a treatise on the Elements of 
'Vector Analysis, whicL is a triple algebra, as distiuguished from quater- 
nions, a quadruple algebra. Vector analysis has been applied by Pro- 
fessor Gibbs to about the same kind of problems as quaternions. The 
advantage claimed for vector analysis over quaternions is that the 
former reaches solutions more simply and direutly, and that its prin- 
ciples can be developed more concisoly. In 1880 Professor Gibbs read 
an exceedingly interesting paper l>efore the Americau Association for 
the Advancement of Science on Multiple Algebra, which contains an 
escellentsketcb of the development of this science in the hands of Grass- 
man, Hamilton, Hankel, Benjamin Feirce, Sylvester, Cayley, and others. 
As t» the applications of multiple algebra, Professor Gibbs says:* 

" Maswell's Treatise on Electricity and Magnetism has done so mnch 
to familiarize students of physics with quaternion notations that it 
seems impossible that this subject should ever again be entirely divorced 
from the methods of multiple algebra. 

" I wish tbat Icould say aa much of astronomy. It is, I think, to be re- 
gretted that the oldest of the scientitic applications of mathematics, the 
most dignified, the most conservative, should keep so far aloof from the 
youngest of mathematical methods." 

We now return to the courses of study at Yale College. The catalogue 
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or IMS BhowB that " Daj''8 Algebra to qaadratica " was added to 
"aritbmetic"ii8 areqiiireinetit Ibrailmissiou tocollege. In 1852 Thou- 
son's was the arithmetic recoRimeaded. In 185otbereqairemeDt8 wen 
again increased by the additioo of two books in Play fair'a Gaelid. In 
1870 the terms were bij^her arithmetic, LoomiB's Algebra to qoadratica, 
and two books of Playfair'B Euclid (or the first, third, aad fourth 
books of Bavies' Lcgeudre, or of Loomis' Elements of Geometry); in 
18S5, arithmcltc, algebra as far as logarithms in Loomis, first book in 
Eaclid, and the first thirty-three exercises thereon in Todhanter'a edition 
(or the first tour books in auother geometry); in 18S7, higher arithmetic 
(including the metricsyBtemof weigh ts and meivsures), algebra (Loomis 
as far as logarithms], plane geonaetry. All candidates for admission 
are examined on the s»me studies, no matter what courses they ma; 
wish to pursue in college. It is also worthy of remark that, since 1885, 
the use of Euclid as a test-book in geometry has been discoatiDoed at 
Yale, and Princeton is now the only prominent college in the coantiT 
which still n^Iheres to Euclid. 

We come now to the mathematical course in college. In 1818 it VH 
as follows : 

JVe»ftm.?n, Day's Algebra, Playtiiii-'alCnelid: Sophomore*, I>»y'B UKh- 
ematics, Bridge's Conic Sections, ami Stanley's Spherical Geometiy 
and Trigonometry; Juniors, Olmsted's Natural Philosophy, Mecbanidi^ 
Hydranlics, Hydrostatics, Olmsted's Atitrunomy, Analytical Geometiij 
or Fluxions (optional). 

Fluxions seem to have been optional all the time, though in previoos 
catalogaes they appear as a regular study. Analytical geometry was 
also optiouat for that year. In 1852 Loomis's Analytical Ueometiy 
and Calculus appear in the catalogue as Sophomore studies. In 1851 
Bridge's Conic Sectione or Analytical Geometry appear as part of the 
work of the Sophomore year ; and Church's Difi'erential Oalculus in the 
Junior year. But analytical geometry and calculns were eleotire stud- 
ies. " Those desirous of pnrBUiug higher mathematics are allowed to 
choose analyfical jjeometry ia place of regvtar mathonatics in the third 
term Sophomore, and calcnlus iu the Junior for Greek and Latio." 

In 1858 Loomis's Calculus is given in the Sophomore year,4 
To<lhooter'8 in the Junior. 

The course was as follows in 1870 : Freshmen, Loomis's Algebra, eittf- 
fair's Euclid, Loomis's Conic Sections; Sophomores, Loomis's Trigoncwn- 
etry, Stanley's Spherical Geometry, Davies' Aniilytical G»»ometryj 
Juniors, Calculus, Loomis's Astronomy. The nest year, Ohauvenet'e 
Geometry was nstnl with Enclid in the Freshman cla'is. 

In 18^ the conrse was — Fj-csAm«», Todhunter's Euclid (Books HI 
and IV), Cbauvenel's Geometry, B ichard's Plane Trigonometry, Phillips 
and Beebe's Graphic Algebra; Sophomores, Loomii.'a Analytical Ge- 
ometry (plane and solid), Dana's Mechanics; .funiorj, Loomis's Astron- 
omy (required), Calculus, Geodesy, Descriptive Geometry | 
ffleotive); Heniore, Calculus, Vector Ana\^B» Ijiottv AwiU'jftV 
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The coorse for the j'ear IS87-S3 is sabatantially the same as thafe; 
18S5. We quote from the catalogue the followiug accouiitof it 

" In geometry the exerciaea coiietst in rpcitations from the text-boot,' 
the original demonstration of theorems, and applications of the prin- 
ciples to the solution of numerical problems. 

"After the stodent has gained facility in the use of trigonometrical 
tables, the principles of plane trigonometry are applied to theproblemB 
of mensuration, surveying, and navigation, and those of spherical Irigo- 
Dometry to the elementary problems relating to the celestial sphere. 

"In algebra the elementary principles of the theory of equations 
are illustrated graphically, and the student is exercised in the numerical 
solution of equations of the higher degrees and the graphical represe(k.< 
taliooofthe relations of qaantities. 

"In analytical geometry the student is carried through the elemenl 
properties of the lines and surfaces of the second degree, and is intl 
dnced to the theory of map projection . 

" These are studies of the Freshman and Sophomore years, and, 
gether with the elements of astronomy which are pursued in Junior yi 
are regarded asessentinl parts of a liberal edacatiou. 

" In the Junior and Senior years opportunity is given in the electi" 
oonrses to obtain a wider knowledge of analytical geometry and tri] 
Dometry withtueir applications to geodesy and astronomy. A longer 
and shorterconrse are providediu Junior yearindifferential and integral 
calculus. The shorter course is designed for students who desire to be- 
come acquainted with the methods of the calculus, but whose principal 
studies are not of a mathematical character. The longer course is de- 
signed for such as espect to make a serious study of any department of 
Iiure orapplied mathematics. _ 

" In Senior year advanced subjects in the calculas and the elemenffl 
of analytical mechanics form one Hue of study. 

" An elementary and an advanced course are provided in what is 
called vector analysis. The object of these courses is to introdnoethe 
student to the methods of multiple algebra in geometry, mechanics, 
and physics. The matter taught is not entirely unlike that usually 
given in courses in quaternions, but the method lollowed is in some re- 
spects nearer to Grassmanu's than to Hamilton's. The elementary 
course is confined to the simplest algebraic relations of vectors. The 
advanced course includes difTerentiatiou with respect to position in 
space, and the theory of linear vector funclions. 

"Students who show special aptitude are exercisedin the working up 
of subjects which require the use of the library and more prolonged 
investigation than the daily exercises of the class-room. Such work 
begins iu Freshman year. There is a considerable collection of models, 
which are used to assist the imagination iu the various branches of 
stody." 

In November, 1877, a Mathematical Club was formed at Tale. Pro- 
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fessor Oibbs has been the leading spirit in it He has, in reeent yeaiii 
presented papers showing the application of vector analysis to the com- 
putation of elliptic orbits. The work of the dab has, however, not been 
confined to pure mathematics. Professor Newton has presented sub- 
jects on meteors and astronomy, and Professor Hastings has given n- 
suits of experiments made by him on light. 

COLLEGE OF NEW JEBSEY« 

In 1830 Albert B. Dod became professor of mathematics. He seems 
to have been a favorite teacher. His pupils cherish fondly the recollec- 
tion of <^his brilliant genius and the interest which he infused into the 
study of higher mathematics, as well as the magnetic charm of his man- 
ner, as by the wonderful acuteness and perspicuity with which he mas- 
tered and explained the most abstruse problems.'' The same qnalities 
shone attractively in his lectures on architecture.* He discharged the 
duties of his office with signal ability till his death, in 1845. The family 
to which he belonged had for several generations been remarkable both 
for mathematical taste and talent. His father constructed the en^e 
of the Savaiuiah^ the first steam-boat that crossed the Atlantic 

The scientific and mathematical departments of Princeton were flnt 
made prominent by the labors of Professors Henry niid Alexander. 
Stephen Alexander was graduated at Union College, Sow York, ii 
1824, at the age of eighteen, with liigh honor.?. He then engaged in 
teaching. In 1830 and 1831 he was in Albany making numerous astro- 
nomic<al observations and communicating them to the Albany Institatei 
He and Joseph Henry were relatives. "Professor Henry was a son 
of the elder Alexauder-s sister, and in 1830 he married his cousin. Miss 
Alexander, thus establishing a double relationship, which unqaestion- 
ably shaped the whole life and fortune of his younger and favorite 
cousin and brother-in-law.t In 1832 Professor Henry was elected to the 
chair of natural philosophy at the College of New Jersey. Alexander 
went with Henry and his l^imily to Princeton. He there entered the 
Theological S(iminary as a student, but in 1833 he was appointed tutor 
in the college. *' In 1834 he was made adjunct professor of mathematic8| 
and in 1840 he wa>s promoted to the full professorship of astronomyy 
which he retained until 1870. During the long intervening period the 
style and duties of his professorship were several times more or less 
modified. For several years after the death of Professor Dod he was 
professor of mathematics and astronomy. When Professor Henry went 
to Washington he gave up the mathematics and became professor of nata« 
ral philosophy and astronomy, but he always held fast to astronomy." 

In 1847 John Thomas Duftield became couhccted with the mathemati- 

• The Princeton Book, lH7t>. 

t Bio^raiihic.'il Memoirs of the National Acailemy of Sciences, Vol. II, p. 886> "Bio- 
grapliical Memoir of Stephen Alexander,'* by C. A. Young. Our remarks on ProfSoMOT 
Alexander are drawn chiefly from this sketch. 
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oal department. He graduated at Priocotoa College iu 1811, ufterward 
studied theology-, aud then waa appoiuted tutor iu Greek. From 1847 
to 1850 lie served as adjuuct profeBSor of matliematics. BariDg two 
years he had charge of a rresbjteriau church iu connection with his 
duties in the college. Ho published, also, a volume of germons. He 
has been professor of mathematics since 1850. For many years the 
mathematical teaching at Princeton -was iu the hands of Professor Duf- 
field and Professor Alexander. The former possessed great power in 
teaching young students, while the latter led their way into the more 
advanced mathematics and astrononn^'. 

In 1S50 the requirements for admission were arithntctic and the ele- 
' ments of algebra through simple equations. The Freshmen studied 
Hackley's Algebra and Plsyfair's Euclid ; the Sophomora finished Eaclid 
and then tooli up plane and spherical trigonometry, navigation, etc. ; 
the Juniora studied analytical geometry (Young's), Alexander's Differ- 
ential and Integral Calculus, and mechanics. 

Princeton is one of the very few colleges in this country which hav( 
retained Euclid as a te:ct-book in geometry to the present day. " EnulidT 
is need as a text-book in geometry because of its historical associations 
and its decided superiority for the purpose of mental 'discipline to any 
modern textbook."" 

Eev. Dr. K. G. Hinsdale, who was a student at Princeton from 1853 
to 1856, gives the following reminiscences of the mathematical teaching 
there: "The requirements for admission were geometry — four books 
of Euclid, algebra through quadratics. The text-book in algebra dur- 
ing the Freshman year was Hackley's. The fact was, that but few who 
entered were fully prepared, and tberefore w© had a rapid review of 
the subjects ab initio, finishing Hacktey the first year. In the Sopho- 
more year we finished Euclid's geometry, also surveying and naviga- 
tion (elementary). Both subjects were taught iu a special way by Prof. 
John T. DuEQeld, whose syllabus taken down from dictation was a 
marvel of clearness. The notes of that syllabus I have with me. It 
has never been printed. The Junior class studied Young's Analytical 
Geometry and Conic Sections. The lirst half of the year we were taught 
by Professor Duffleld, the last half by Professor Alexander, who had 
the chair of physics and astronomy. 

" In the Senior class mathematics was taught by Professor Alexander, 
a gentleman of marked ability in the higher branches of his depart- 
ments. He used no text-book in either department. Both subjects 
were tanghtorally. An elaboratecoiupendium of mathematical physics 
was dictated to the class by tbeprofessor, accompanied by explanations 
of formulie and experimental illustrations. Tbesame way was adopted 
by the professor in teaching the mathematics of astronomy. His sylla- 
bus in that department, however, waa 'printed, not published,' for the 
use of the class. 
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<< Professor Alexander bad a distiugaisbed reputation among hia 
confreres. Professor Peirce, of Cambridge, spoke of him repeatedly 
in public lectures as tbo MCcplerof tbe niuetecuth century,' always in 
connection witb bis theory as to tbe asteroids, accompanied by mathe- 
matical demonstrations that they once formed one wafer-shaped planet 
which, ^ somewhere, somebow,' was shattered into fragments." 

Eev. Horace G. Hinsdale says : • "He [Alexander] pushed his re- 
searches into tbe depths of mathematical and astrooomioal science, 
availing himself of bis acquaintance with the principal langoages d 
Europe. He printed for tbe use of bis students treatises on ratio ^d 
proportion, differential calculus, and astronomy. He was unselfish in 
his devotion to tbe interests of the college and the advancement. of 
learning. He aroused tbe admiration of his pupils by the eTident ex- 
tent of bis knowledge and bis ardor in imparting it, although it must 
be said that be often became so profoundly interested in setting fhrth 
the pbilosopby of matbematics as to forget that tbeir acquaintance with 
the subject was, of necessity, far less than bis own, and so to oatnu 
tbeir ability to follow and comprehend him. Tbe closing lectures in his 
course in astronomy, in which be discussed tbe nebular hypotheaisof 
Laplace, were characterized b}' a lofty and poetic eloqaenoCi and drew 
to bis class-room many others than the students to whom they weie 
addressed. Even ladies from tbe village and elsewhere — so far did fb 
traditional conservatism of Princeton give way before a wholesome p» 
sure — invaded Philosophical Hall." 

Professor Young says : ^' He was familiar not only with the ordinaij 
range of mathematical reading, but with many works of higher order. 
He bud large portions of the Mccanique Celeste almost at his fiogei'fl 
ends, and was well acquainted witb tbe works of Newton, Enler, and 
Lagrange." 

As was the case with all college professors in former years, and is 
still true with most of them, Professor Aloxander-s time and strength 
were so consumed by the routine duties of the office, that little remained 
for anything eLse. Still be accomplished a great deal. He published 
articles in various seientilic journals, and presented a large number of 
papers, orally, before sciontilic societies; and tbe only record of these 
communications which we now have is a mere notice or a brief abstract 
of a paper read on such and such a date. 

In 1818 be read before the American Academy for tbe Advancement 
of Science a paper on the Fundamental Principles of Mfl^tbematica. 
Prof. C. A. Young says of it: " It is an interesting, suggestive, and elo- 
quent essay. The subjret gives the author an opportunity to indulge 
bis inherited Scotch love for metaphysics and hair-splitting distinotions, 
and be finds in it also opportunity for imagination and poetry to 
extent which makes the paper almost unique among mathematical 
quisilions.^ 



*Qaoted by Prof. C. A. Yoang in bis momoir. 
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Professor Alexander was an astronomer, bat hia special forte was not 
that of the observer. In fact, he had no adeqaat« instrumentB or ob- 
servatory. Long did ho labor to secure a good obserratory for the 
college, aud, nt lust, in 1882, a great telescope was pointed toward the 
stars. " There was something pathetic in his exclamations of satisfac- 
tion aud delight, for the great iDatrumeat, so long dreamed of, had only 
come too liite for him to use it." 

In 1876 Alexander was made professor emeritus, and Charles Greene 
Rookwood became connected with the mathematical department. Pro- 
fessor Bookwood was graduated at Yale in 18(14, and, before going to 
Princeton, was professor of mathematics in Bowdoin and Entgers sao- 
oessively. He has acquired reputation by his studies of earthqnakes, 
and has oontribnted articles on vulcauology and seismology to the ~ 
porta of the Smithsonian Institntion, 1884r-80. 

From 1878 to 1883 Dr. Q-. B. Qalstod was a toaeher in mathematics 
until 1881 as tutor, and fVom that time ou as instrnctor in post-graduate 
mathematics. 

The present mathematical corps consists of ProfesHors John Thomas 
DuflSttld, 0. G. Rockwood, H. B. Fine, aud Tutor H. D. Thompson. 0. 
A. Yoaug is the successor to Alexander as professor of astronomy. 

The conservatism of Princeton College is noticeable in some features 
of the mathematical instrnctioa. ISuolid has been retained as a texi-hook 
to the present day. Todhunter's edition has been used now for many 
years. Until recently Loorais's text-books were used largely, thongh 
not exclusively. In the academical u nder-graduate department the fol- 
lowing mathematics were taught ia 1881 : Freshman year, Ray's Unf- 
versify Algebra, Todhunter's Euclid, Bud Mensnration ; Sophomore year, 
Loomis'a Plane Trigonometry, Navigation, Surveying, Spherical Trigo- 
nometry,and Analytical Geometry; JunioraaA iSmt'or years, Analytical 
Geometry of two aud three dimension 8, and Calculus. Under Professor 
DuiSeld oral instraotion Is made prominent. It might be more correct 
to say that mathematics is taught by him "mainly by lectures — the 
text-books being used by way of reference, and as furnishing examples 
for practice." " The students are required to take notes of the lectures 
and submit their note-books for examination at the end of each term." 
Until quite receutly electives were introduced very sparingly. At pres- 
ent all studies are prescribed during the first two years ; mathematics 
is elective during the last two years. 

Modern higher mathematics was first introduced in Princeton Col- 
lege by Dr. G. B. Halsted. His examiuation papers on quaternions, 
determinants, aud modem higher algebra, are the flist ones that have 
ever been set at Princeton. One feature of the mathematical instruc- 
tion at this ioBlitutiou that baa been in vogue daring the last ten years 
(perhaps longer) is, wo think, to be recommended for more general 
adoption. Considerable attention is given to the study of the history 
of mathematics. The writer haa before him exa.ulvaa^v'ClXi.'^^^««^^■«^*.- 
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ten in answer to questions set by Halsted in 1881.* From the answers 
we infer that questions like these have been asked : Who wrote the 
lirst algebra that has come clown to us f What was its. uataret What 
part did the Hindoos play in the development of algebra t Ita growth 
during the Benaissancef The laws underlyiog ordinary algebraf etc 

The present mathematical course, according to the catalogue of 
1888-89, is as follows : 

For admission to the academical department of the college, the 
mathematical requirements are : ^^ Arithmetic, including the metric 
system ; algebra, through quadratic equations involving two unknown 
qnantities — ^indudiug radicals, and fractional and negative exponents; 
geometry, the first and second books of Euclid, or an equivalent — ^that 
is, the propositions in other text-books relating to the straight line and 
rectilinear figures, not involving ratio and proportion." 

Studies in the academic<il department : ^' In the Freshman year there 
are two exercises a week during the first and second terms, in algebra, 
and two exercises a w*eek during the thinl term, in plane trigonometry, 
under Professor Fine; in geometry there are two exercises a week 
throughout the year, under Mr. Thompson. The text-book in algebra 
is Wells's University Algebra, to be supplemented by a course on the 
theory of equations, by the professor. Loomis's Trigonometry is the 
text-book in trigonometry. Euclid is used as the text-book in geometiT 
because of its historical associations and its decided superiority for tk 
purpose of mental discipline to any modern text-book. The first six 
and the eleventh books of Euclid are supplemented by a coarse in solid 
and spherical geometry. Since a thorough knowledge of geometry and 
familiarity with its more important iTro])ositions can be obtained only 
by extended practice in the demonstration of theorems and problemB 
not contained in the text-book, this exercise occupies a prominent 
place in the course of instruction. 

^< The Sophomore class has three exercises a week thronghont tho 
year in mathematics, under Professor Dufiield. For the first term the 
studies are analytical trigonometry, mensuration, and navigation ; for 
the second and third terms, surveying, spherical trigonometryi analyt- 
ical geometry, and the elements of the differential calculus. 

^^ In the Junior year mathematics is an elective study. The class 
has two exercises a week throughout tho year, under Professor Daf- 
fiold. For the first and second terms the studies are analytical geom- 
etry and the difierential calculus ; for the third term, the integral cal- 
culus. Loomis's Trigonometry is the textbook durincf the first and sec- 
ond terms of the Sophomore year. Bowser's Analytical Geometry and 
Calculus during the third term Sophomore and Junior year — supple- 
mented largely by oral instruction, and numerous exercises in addition 
to the examples for practice of the text-books. 



•Ono of these was writlou by H. R. Fine, now assistant professor of luntheinaticf 
ftt Princeton ; another by A. L. Kimball, now associate professor of phyaioB at the 
JobDs Uopkina University. 
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"The Senior class in matbematica (elective) has two exercises a trt 
tbrougtiout tlie year, uDder Professor Fine. The course for the cun 
year is analytical geometry of three dimeasious, differential and inte- 
gral ealculos, Williamson's text-books ou the calculus are used, sup- 
plemented by lectures on determinaots, differentiation and tntegratioB 
of functions of the complex variable, definite integrals." 

In 1873 was founded, as a branch of Princeton College, a scientific 
school called the '* John 0. Green School of Science." Its courses lead 
to the degree of bachelor of science. Two years lat«r a course in civil 
engineering was organized in this school. The mathematics in the 
scientific school is taught by Pfof«ssor Rockwood. The course is 
framed so as to supply the necessary foundation in knowledge and 
training for the later studies of physics and mechanics, and especially 
finds its natural continuation in the applied mathematics of the course 
in civil engineering. Constant blackboard practice is a prominent 
feature of the instruction. Enclid is supplanted by Chnuvenet's Geom- 
etry. Other tfixt-books used are Wells's Algebra, Bowsei^'s Analytical 
Geometry and Calculus. The oalcalus is begnu at the end of tl 
Sophomore year and then finished in the Junior. With the geometrj 
which is illustrated by models, is combined a thorough course in mei 
suration and an introduction to the elements of modern geometry. 
Thus, a synthetic conrsein conic sections is made to precede analytical 
geometry — an idea highly to be recommended. Calculus is required 
of all students in the scientific department. More advanced studies 
in pure mathematics are elective. 

Descriptive Geometry is taught by Professor Wilison from Warren' 
treatise. 

In addition to the college courses, there are at Princeton Univertril 
courses leading to the degrees of master and doctor. 

Post-graduate mathemati&s have been taught since 1881. 

" The University courses this year {1883-89) are in differential eqaa- 
tions, in the theory of fnnctions, and in higher algebraic curves and sur- 
faces. They are based on the treatiseB of Forsyth and Boole, Uermite 
and Clebsch and Gordan, and Salmon and Clebsch, respectively. Pro*' 
feasor Fine conducts these courses. 

DABTUOUTH COLLEGE. 

In 1833 Ira Young succeeded Ebenezer Adams as professor of math- 
ematics and natural philosophy. His father was a carpenter, which 
trade he followed till he attained his majority. Qe early manifested 
much mechanical ingenuity. At twenty-one he began a course pre- 
paratory to entering college, and graduated at Dartmouth in 1828. He 
served in the college, first as tutor, then as professor, until his death in 
1858. Ho is said to have been an admirable teacher. 
From 1838 to 1851 Stephen Chase -was a professor of mathematics at 
■J)artmouth. He was a graduate of thia eoUese. VltaW. U^ -r^a ■%■«»• J 
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feasor he pablisbed an algebra. Au old alumnus speakB of him as a 
teacher, <' the light of who.se genius, as it gleams throu||^h one of oar 
text-books, yet lingers in our halls." 

The catalogue for 1834 shows that, since 1828, a remodeling of the 
ooUege course had taken place. There were now four departments, 
viz, the Classical, mathematical and physical, rhetorical, and the depart- 
ment of intellectual and moral philosophy. The Freihmefi in the matL 
cmatical and physical department studied PlayfUr's Eadid, reviewed 
Adams's Arithmetic, and commenced Day's Algebra daring the first 
term ; continued Day's Algebra in the second term ; and completed 
Euclid in the third. 

The Sophomores continued Day's Algebra, devoting their attention to 
applications to geometry and logarithms. They then took np plane 
trigonometry aud its applications. During the second term Bridges 
Oouic Sections aud Curvature, aud Playfair's Spherical Geometry and 
Trigonometry occupied their attention. They began also Bexoat'i 
Calculus, which was fiuished duriii«; the third term. The Juniors piu^ 
sued Olmsted's Natural Philosophy, Day's Mathematics (heights and 
distances, aud navigation), Oluisted's Ilydrostatics, aud Astronomy. 
The Seniors had no mathematics, according to catalogue. 

Theuextyear (1839) indicates several cliauges. Legendre'e Geometiy 
and Bourdon's Algebra displaced old Euclid aud Day's Algebra. Da* 
vies' Analytical Geometry and Calculus were also used. The influenei 
of the Military Academy at West Poiut was now beginning to be felt at 
Dartmouth. 

Regarding the mathematical teaching at this time, John M. Ordwaj, 
professor of applied chemistry aud biology at the Tulaue University of 
Louisiana, writes us as follows: ^' Whou I entered Dartmouth Goll^ 
in 1840, the Fre^ihmeu were instructed in algebra and geometry by a 
tutor. We used Davies' Bourdon's Algebra and Davies' Legendre^s 
Geometry. In the Sophomore year we studied Davies' Surveying, and 
Plane and Spherical Trigonometr3', Davies' Analytical Geometiy and 
Davies' Calculus. The instruction was given by Professor Stephen 
Chase, an excellent scholar, but a somewhat peculiar man. He showed 
very little mercy to the duller students, and hence was not very popolar. 
The analytical geometry and calculus had not been iutroduced many 
years, and it was a sort of traditional idea of the classes that preceded 
ours, that these subjects were very hard. We, however, did not per- 
petuate this tradition, for our class as a whole did not find these higher 
mathematics so very difficult. We had some field exercises in sorveyiug 
and leveling. The professor went out first wuth half a dozen chosen stu- 
dents of the class, and they afterward went out with their respective sec- 
tions of the class. Before our time there had been some solemn onm- 
ings of the mathematical text-books at the end of the year, but we bad 
no such nonsense while I was in college. 

<^ Professor Chase also gave the instruction in physics^ whioh was 
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qnite mathematical. He and Professor Yoatig, the fatbor of the presei 
Professor Charles Young, of Pcinceton, had pliinned aud partly writt 
a work oa physics, iu which the demoDStratious were to be made by the 
calculus and analytical geometry; but meanwhile Professor Olmsted 
published his Natural Philoiiopliy, and as a matter of courtesy they 
dropped their own work and introduced the poorer one of Olmsted." 
01mst«d used the commoo geometry and algebra, and his book was 
rather old-fashioned ami contained some absurd errors. There was ono 
question iu the book, 'If the pebble that David threw weighed^ ounces 
and Goliath weighed SOO pounds, with what velocity must the stone 
have moved to prostrate the giant f The answer given was (about) 
2,800 feet per second, or greater thau that of a cannon ball. The pro- 
fessor called me up on this question, in the recitation, aud asked me if 
I saw any absurdity in the matter. I told him yes, the answer should 
have been 2,800, aud not 2,800 feet per second. Tbcu the professor 
went on to explain that Goliath must have had a skull that would be 
penetrated by a stone moving with much less velocity. He had entirely 
overlooked the mathematical absurdity of getting a concrete answer out 
of mere abstract numbers. I went to bim after recitation to explain my 
idea more fully, and told him that had Mr. Olmsted been a Frenchman 
he would have made the answer ^,SQO metera per second, aud that 
would have been just as correct, or 2,800 milea would have done just as 
well. This he acknowledged, but seemed never to have thought of it 
before, the pbysiological absurdity having shut oat from hia perception 
the mathematical error. 

" While Professor Chase gave the mathematical teaching of pbysh 
Professor Young lectured on the subject with the help of a very g( 
set of apparatus. 

" In the Junior year Professor Young taught astronomy, csing 01m. 
Gted's Astronomy for a text-book. Tbls work was better than the 
physics, but it njected the calculns, which would have made many of 
the demonstrations much plainer. Professor Young was an excellent 
teacher and was very popular. He could be severe enough, but it was 
in a quiet, dry way that was not offensive. He would call up a fellow 
who had not studied the lesson well and put several questions, receiv- 
ing the wrong answers without any sigu of surprise or demur, and finally 
say, 'The reverse is true,' and call np another man. 

" We had some astronomical instruments, but with the exception of 
the telescope very few of the studcQts ever used any of them. Our 
examinations in those days were all oral. They were held iu the pres- 
ence of a committee of old graduates summoned to Hanover for the 
purpose, their expenses being paid liy the college. These old fellows 

•OlmstPd'slDtroUnction to Natural Pliiloaopby was pnbliabed in 1831; Yonng waa 
elected professor in 1B33 and Cbftse in l«iS. Wliilc Tuaug aiul, we belicTe, also 
ChMe, aerved bb tatore before tbej wore appototod professom, it U. neverlheinu, not 
likely that reference caii be bad, in tba above, to tUe firti eilUion aC Q\ai&WiI^'VGiiv ■ 
on natuial pliiloaopb^. 
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were ratlier rasty sometimes and gave the boys some amnaement by 
their occasional old-time questions. The examinations weie leallyt 
farce, thongh the results were counted in with the rest of the marks. 
It was rather funny to see how some fellows who had been rated very 
low all the year would be made out by the examiners to be aoiong the 
very best.'^ 

In 1849 Chase's Algebra appeared, and began to be used at Dart- 
mouth. Three years later Lbomis's series was introdaoed, excepting 
his Algebra. 

In 1851 Chase was succeeded by John Smith Woodman^ of the class 
of 1842. After graduation he taught school in Charleston, S. O., after- 
ward made a tour through Europe on foot, then studied and practiced 
law, and finally was elected professor at his alma mater. 

In 1854 James Willis Patterson, of the class of 1848, became professor 
of mathematics. He had previously been tutor two years. From 1859 
till 1865 he was professor of astronomy and meteorology. He after- 
ward entered politics, was elected to the Legislature and finally to the 
United States Senate. 

About the middle of the present century attempts were made to or- 
ganize a system of education based chiefly upon the pure and appUed 
sciences, modern languages, and mathematics. Of this class were the 
scientific schools connected with colleges, such as the Lawrenoe SoientiSe 
School at Harvard, the Sheffield Scientific School at Yale, the ScboL. 
of Mines at Columbia, and the Chandler Scientific School at Dart- 
mouth. These schools have done efilcient work and supplied a long* 
felt want. 

The Chandler Scientific School was established in 1851. The instraO' 
tion was designed to be ^^ in the practical and useful arts of life, com- 
prised chiefly in the branches of mechanics and civil engineering^." At 
first J. W. Patterson is given in the catalogue as Chandler professor of 
mathematics, but Professor Woodman was the one who labored longest 
in this school. He taught in it from its establishment, became profes- 
sor of civil engineering in 1856, and was practically at the head of it 
He retained those posts until his death in 1871. 

The mathematical course in this school was low at the bei^inning. 
Loomis's books were used, also Puissant's MathBmatics. Descriptive 
geometry, shades, and shadows were also introduced. 

In the catalogue of 18G5, Robinson-s series, from the Algebra to the 
Diflerential and Integral Calculus, is given. In 1866 Church's Analyt- 
ical Geometry and Calculus were studied in the Chandler Scientific 
School. T^o years later the college dropped Kobinson's series and 
returned to Loomis's. 

Since 1870 the text-books used have been, in algebra, Olney, Qoimby ; 
in geometry and trigonometry, Olney ; in analytical geometry, LoomiSi 
Church, Olney; in calculus, Church, Olney; in analytical mechanic8| 
Peck, Wood ; in descriptive geometry, Church ; in quaternionsi Haidj. 
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The terms of lidmission to tUe college were, in 1828, arithmetic, al| 
bra through simple eqaations ; in 1811, the same; in 1864, the sami 
with the addition of two bboka of (Loomis's) geometry ; in 1886 and for 
Bome years previons, all of plane geometry waa required ; in 18SS, arith- 
metic, iocludiug the metric system, algebra tu quadratics, and plane 
geometry. 

The college offers now two courses, one leading to the de^-ee 
bachelor of arts, the other (the Latin-scientific coarse) to the degree 
bachelor of letters. The coarse of study for the year 1888-83 13 
follows : 

In rhi Pracnied Onuriu, 1 11 in lack cau an adcanetd diviiim for iliidenU judjtd lo bi juoIiM'fl 

PRESCRIBED COUHSES. 

FiiESHMAN Year. 
H 1. I. Algebra, iDolnding Tbeorj of Eqtutions (Qeumb;). Suli/-fivt hoari. 

^B II. Algebra. Sixtji-fivt hour*. 

^^ 3. I, Solid, with advanced, Qeometiy (Olne;). Fbrlg-five hoari. 
^V II. Solid Ooametry. Forlji-five Aoura. 

^K 3. I. Piano trigooooietry (OInoy), locladlng applioationa to Surveying; Spheri- 
^V cal TrigoDometry. Sixty-tieo neroiiei {includinj ten exerciiea of ficli work 

^B 0/ Ihrte hoart each). 

^t It. Same as 3, 1, omittiog Spherical Trigonometry. 

Sophomore Yeah. 

4. I. Aiialflic Geometry (Olaey). Forty hoart. 

II. Spherical Trigonometry and Conio Sectiona. Forty \oari. 
K^ G. Sarveying witli Gold work and plotting. Eigklg-itren houri. 
^^^ Courts 5 IS open onli/ to atudeatt of the Latin- Scientifie Cattrie. 

^Bl 6. I>(woTiptiTe Qeometry; Draning. Sixtg honri. 
^B Co»r6t 6 it open only to atudnttn of tlie Latin-Scientilic Conrte. 

P 
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ELECTIVE COUESES. 



T. a. Differential Calculns. ) Applicatioas to Analytic Geometry. Lectnm. j 
b. Integral Calcnlue. ) Ninelg-four hourt. 

Cowrie 7, a and 1), ii ei^ofire with Freitch 2 /ollovsed by Mathenalict 3. 
i. Elementary Meobanics (WocmI). Fiftif haurt. 

Courie d preoeiM fry Fr»»th U ii eleoMvs with MatfitrnuHiat 7, a and b. 
Jcinoit Yeab. 

9. Analytio Mechanics; Leotnrei). 5Jzty Aowf. 

CouTiB 9 it ujien onlj/ to studenU tcfto tave completed Courae 7, and is elecCii's 1 
Latin and Greek. 
10, Desoriptiro Oeomotry; Shades, ShaJows, and Perspective (Churcb). 
four kovri. 
Courtt 10 U elective xpith Latin, Grttk, German, Phgnca. 

The minimum amonnt of mathematics on which a degree can be ob' 
taineil, is a course ending with spherical trigonometry and conic sec- 
tions. Analytic geometry is not nei-easary. 

The course in pure mathematics in the Chandler Scientific School ia 
much the same as the above. The catalogue meutious in that depart- 
ment Oluey as the text-book in calculi^ and Peck as that in aualytloal 
mechanics. 
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In 1860, John E. Varney was appointed professor of mathematioi, 
and served for three years. Daring the next six years John £• Sinclair 
filled this position. In 1872 F. A. Sherman, the present professor of 
mathematics in the Chandler School of Science, was elected. From 
1872 to 1878 0. F. Emerson was connected with the mathematical de- 
partment. Since then ho has occupied the chnir of natural philosopliy 
and has devoted his energies chiefly to the development of the physical 
laboratory. P. H. Pettee has been professor of mathematios since 1877, 
and is now teaching mathematics and engineering in the New Hamp- 
shire Agricultaral Experiment Station, which is a branch of Dartmouth 
College. At present T. W, D. Worthen is associate professor of math- 
ematics in the college. 

Since 1878 Arthur S. Uardy has been the head of the mathematical 
department at Dartmouth. Ho is professor of mathematics and of civil 
engineering. Previous to the above date he held the professorship of 
civil engiueering in the Chandler Scientific School. Professor Hardy 
was graduated at West Point in 1869. For three years he was professor 
of civil engineering at Iowa College. lie then spent one year in study 
at the £cole imp^riale des ponts et chauss^es in Paris, and on his retan 
wept to Dartmouth. In 1881 appeared his Elements of Qaatemions, the 
first American book on this subject. It is elementary and well adapted 
for use of those students in our colleges who may desire to know somfr 
thing of the wonderful researches of Sir William Eowan Hamilton. A 
neat little publication of much interest is Professor Hardy's transla* 
tion from the French of Argaud's Imaginary Quantities. He published 
also New Methods of Topographical Surveying, 1884. Professor Hardy 
possesses two qualifications that are rarely combined ; he is a saccessfiil 
mathematician and also a successful novelist. 

BOWDOIN COLLEGE.* 

In 1825 William Smyth became adjunct professor of mathematusSi 
and in 1828 was given the full chair, which he held until his death in 
18G8. He was an alumnus of thecoUege. After his gradnation, in 1822, 
he studied theology at Andover, and then became tutor at his dtwia 
mater. Be was led to abandon Greek and take the department of 
mathematics as an instructor^ from his success in popularizing algebra 
by means of the blackboard. 

The introduction of the blackboard in our colleges must have caused 
important changes in the methods of teaching mathematics, especially 
geometry. Unfortunately no record of these changes has been pre- 
served except at one or two institutions. We are happily able to quota 
the following account of its introduction at Bowdoin, taken fh>m the 
history of the college, written by A.'S. Packard. He says (p. 01) that 
the blackboard was introduced by <' Proctor (afterward Professor) 

* We are indebted for the luformatiofi herein contained chiefly toacomm^ 
firom Prof. George T. Little^ of Bowdoin College. 
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SmytlitD 1824. That novelty, let me here say, inadeaBensation. When 
he had tested the experiment io the Sophomore algebra, aud with great 
success, a conHiderablo portion of the Jaoiors requested the privilege of 
reviewiog the algebra ander the new method at an extra honr — a won- 
der ID college experience ; and that blackboard experiment, I am sore, 
led to his appointment as assistant professor of mathematics a year 
after. Uf this also I am sure, that h« had then first detected a math- 
ematical element in his mental equipment. His forto had been Greet." 

Professor Packard gives also an interesting account of the modes of 
teaching immediately before the blackboard came to be nsed. "The 
blackboard caused important changes in the manner of teaching gen- 
erally, Imt especially in the mathematical branches. In arithmetic, a 
Freshman study, and algebra, to which we were introduced at the open- 
ing of the Sophomore year, each student had his slate, and when be 
finished his work he took the vacant chair nest the teacher's and under- 
went examination of the process or principle involved. In geometry wo 
kept a MS., in which we drew the figures and demoustraled fixim that. 
I have been shown a very neat MS. kept at Harvard by the late Dr. 
Lincoln, the father, ami bearing the date 1800. " • ■ It may sur- 
prise my bearers that I professed to teach the algebra of the Sopho- 
more class in Webber's Mathematics — the first tutor, I believe, t« whom 
the duty was entrusted. That was tlio class of 1&24. Franklin Pierce, 
of the class, in his earlier years of college life, more fond of fun than 
of surds and equations, took his seat by my side for a quiz with his 
slate and solution of a problem. When asked how he obtained a cer- 
tain process; he wplied very frankly, 'I got it from Stowe's slate.' 
• ■ • With blacklward eucbti'ausfers are less easy. • • • It will 
canse more surprise that conic sections in Webber, a Junior branch, feU 
under my charge. The manner of reeiting was simply to explain the 
demonslratioo in the text-book." 

Id 1331 the requirements for admission were increased so as to in- 
clude '-six sections of Smyth's Alt^ebra." These six sections include 
nearly the entire Algebra, logarithms and ihe binomial theorem being 
excluded. In 1S67 the requirements were raised so as to read arithme- 
tic, the first eight sections of Smyth's Kew Elementary Algebra (to 
equations of the second degree), and the first and third books of Da- 
vies' Legendre. The requisites remained practically the same from 
lS67to 1887, though the test-hooks recommended were several times 
changed. Since that time all of plane geometry has been required. 

The calculus first api>ears as a study in the annual catalogue of 1830, 
the notation of Leibnitz being then nsed. Fluxions were probably 
never taught at Bowdoin. 

Professor Smyth became an exceedingly able teacher and gained 
celebrity as a successful writer of mathematical text-books. His pub- 
lications were, a work on Plane Trigonometry, followed by his Algebra, 
Analytical Geometry (185iJ), and Calculus (185C). AUqI ^<«y&.-^%H(KiVg 
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through repeated editioDS and enjoyed an extensive sale. As they came 
from the press they took the place of the Cambridge Mathematics at 
fiowdoin. In the preparation of his Algebra he followed Boardon and 
Lacroix as models, and it contains many of the excellences and some of 
the defects of these works* A remarkable feature is the very late in- 
troduction and explanation of negative quantities. They appear on 
page 89, after the solution of simultaneous linear equation. In his cal- 
culus he uses infinitesimals. <^As a logical basin of the OaloaIa8,''8ays 
he (p. 229), <^ the method of Newton, and especially that of Lagrange, 
has some advantage. In other respects the superiority is immeasura- 
bly on the side of the method of Leibnitz." At the end of the book he 
very briefly explains the methods of Newton and Lagrange. A few 
pages are also given to the '' Method of Variations" and ^^Applications 
to Astronomy." 

The following account of Smyth and his works is taken from an obita- 
ary address by his colleague, Professor Packard: '^ As the first firoit?, 
he issued a small work on Plane Trigonometry, availing himself of tlie 
ingenuity of the late Mr. L. T. Jackson, of this town, in preparing bloeki 
on a novel plan for striking off the diagrams. The firat edition of his 
Algebra from the press of Mr. Griffin, of this town, appeared in 1830^ 
which first adapted the best French methods to the American mind, re- 
ceived warm commendation from Dr. Bowditch, and was adopted asi 
text-book at Harvard and other institutions. It passed through seveni 
editions and then gave place to two separate works, the Elementary Al- 
gebra and the Treatise on Algebra. Then followed an enlarged edition 
of the Trigonometry and its application to Surveying and NavigaticNi, 
and treatises on Analytic Geometry and on the Calculus, the last being 
so clearly and satisfactorily developed and with so much originality as to 
receive emphatic approval in high quarters^ particularly from the late 
Professor Bache.'^ 

<^ In explanation he was precise, simple, and clear. He had great power 
of inspiring interest j his own enthusiasm, which often kindledy espe- 
cially in certain branches of his department, at the blackboard, being 
communicated to his class. Later classes will carry through life his 
setting forth of what he termed the ^ poetry of mathematics/ as ezem« 
plified in the Calculus.'^ 

Of the graduates of Bowdoin during Smyth's time who distingaighed 
themselves in the mathematical line, we mention John H. C Coffin 
(class of 1834), who, soon after graduation, was appointed professor of 
mathematics in the U. S. Xavy. He was for many years in the Naval 
Observatory and, in I8GG, took charge of the American Ephemeiis and 
Nautical Almanac. 

Professor Smyth's successor, in 18G5, wtus Charles Greene Bookwood, 
who had graduated at Yale in 1864, and in l^^GO received the degree of 
Ph. D. When he left Bowdoin to accept a [)osition at Rutgers College, 
in 1873, Charles Henry Smith took his place. In 1887, Professor Smith 
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was socceeded by Prof. William Alboin Moody, the present iDcambeat 
of tho tiltair of mathematics. Professors Kocksvood and Smith left the 
college with the reputation of able and skillful teachers. "The latter 
was, iu ray judgmeat, remarkably successful," says Professor Little, "in 
securiDg good and faithful work from all." The writer baa before him 
a report on geometry by Professor Smith, presented to the Maine Ped- 
agogical Society iu 18S4, and containing some good recommendations 
on the study of itselemente. He strongly recommends a course iu em- 
pirical geometry of the sort marked out by G. A. Hill's Geometry for 
Beginners, Manlt's Natnral Geometry, and Spencer's Invcntional Geom- 
etry, to precede the course in demonstrative geometry. 

Mathematics have never been taught at Bowdoiii by lectures, though 
the instruction has been frequently supplemented by lectures. Since 
18Ht) all matbemacica have been elective after the Sophomore year; 
since 1SS6, all after the Freshman year. Au elective in calculus, not 
then a, required study, was offered from 1870 to iSSO. In the year 1883- 
83 the Frcakmea studied Loomis's Algebra, and Loomia's Geometry and 
Conio Sections, in two parallel courses during the first two terms; the 
third term of the year being given to Plane Trigonometry (Gluey). TUe 
Sophomores had OIney's Spherical Trigonometry during the first term ; 
during the second and third term thsy had the choice between analyti- 
cal geometry, and Latin and Greek. Calculus was elective for Juniora. 
In the Senior year no mathematics were offered. The test-hook in 
astronomy was Newcomb and Holdea. A feature in this mathematical 
course to bo recommended is that analytical geometry is preceded by a 
short course in conic sections (treated synthetically). The coarse for the 
year 1888-80 differs from the preceding in this, that plane geometry is 
required for admission ; that Wcntworth's Algebra has taken the place 
of Loomis'i; that differential and integral calculus are studios iu the 
second and third terms of the Sophomore year ; that au advanced course 
in calcalus (Williamson's) is offered during the first two terms of the 
Junior year, and quaternions duriug the third term. 

OEOEGETOWN COLLEGE." 

From 1831 to 1879 Father James Curley was the head of the mathe- 
matical and astronomical department at Georgetown College. He was 
born in Ireland, October 25, 1796. He entered the Society of Jesus 
September 20, 1827, and came hero iu 1830. In 1843 Father Cuiley 
built the college observatory. Hero he calculated, from his observa- 
tions, the longitude of Washington. The astronomers at the U. 8. 
Naval Observatory had founda longitude differing a little from Father 
Curley'a result. When, however, the laying of the Atlantic cable 

* Fat what mnterial wc poggess on tho teacliine nt tUio college n~D axo imlnbted to 
tliii Ulndnesa of Prof. J, F. UawwD, 8. J., pioiuBaoc uf pbyiiea kod meobaaics at 
.QKirffetowB College. 
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brought Washington into telegraphic commnnicatioii with Qieeniridi, 
it was fuand that Father Gurley's calculation was the correct one. 
Since 1879 Father Gnrley has not been able to teach ; he is still living 
at Georgetown, and is in the full possession of all his fboalties. 

Since 1839 Father Gnrley has generally had two asaistantSy or asso- 
ciates, in mathematics.* 

Bev. James Glark was bom October 21, 1809. He entered WesI 
Point at the age of sixteen, and graduated in the class of 1880. He 
served in the Army several years. In 1844 he entered the Society of 
Jesns, and came to Georgetown in 1846. In 1849 he went to Worcester 
College, Massachusetts, then recently established, bat remained there 
only one year, returning to Georgetown in 1850. From 1802 to 1867 he 
was president of Worcester Gollege. He returned to Oeorgetown in 
1867, but was appointed president of Gonzaga Gollege, Washington, in 
1869. This office ho held until 1875, when he again took his old poei- 
tion in Georgetown. In 1879 Father Glark became unable to tescb, 
and on September 9, 1885, he died at Georgetown. For some yearn he 
taught calculus from his own manuscript, and intended to publish t 
text- book but for some reason did not do sa 

About the year 1848, political troubles in Europe induced a oonsider 
able emigration to America of some of the most able members of the 
Society of Jesus, and the faculty of Georgetown Gollege was iocreseri 
by a considerable accession of learning and talent. We mention as tk 
most conspicuous, Fathers Sestini and Secchi. 

Bev. Benedict Sestini was born in Italy, March 20, 1816. He efitend 
the society in 183G. In 1847 he was astronomer of the Soman Observa- 
tory. In 1848 he was compelled to leave Italy by the revolatlooisti, 
and came to Georgetown. He taught here until 1857 ; then he tanght 

• During 183a-*42, 184:J-M5, 1H47-M8, and 1865-^67, Rev. James Ward, S. J., gaye ia- 
Btraction in mathematics ; 1841-46^ Rov. Thomas Jenkins, 8. J ; 1840-*4l and 1848-^43, 
Rev. Angnstino Kennedy, S. J. ; 1844-45, Rev. George Fenwick, S. J. ; 1846-^47 and 
1869-71, Rev. Joseph O'Callaghan, S. J. ; 1848-M9, Rev. Angelo Secchi, 8. J. ; 1649>*^ 
Rev. Edward McNerhany, S. J.; 1802-54, Rev. Anthony Vanden Hoavel, S. J.; 
l854-»G0, Rev. John Prendergast, S. J.; 18C0-*61, l882-'63, 1870-71, 1879-'P*, Rot. C. 
Bahan; 1861-'G:i and 1871-74, Rev. G. Strong, S. J. ; 1845-M9, 1850-'62, au-^ 187&-79, 
Rev. James Clark, 8. J. ; 1848-'57, and 18G3-'69, Rev.B. Sestini ; 1863-'64, Rov. Aloy- 
sins Varsi, S. J. ; 18G4-'C5, Rev. James Major, S. J. ; l')G7-'C9, Rev. Antonio Ciohi, 8. 
J.; 18G9-70, Rev. Patrick Forhan, S. J.; 1871-72, Rev. Patrick Gallagher, 8. J.; 
1872-73, Rev. Jerome Dangherty, S J. ; 1873-74, Rev. Edmnnd Young, 8. J. ; 1874- 
78, Rev. J. Ryan, S. J. ; Ij-74-78, Rev. M. O'Kane, S. J. ; 1878-'33, Bey. J. R. Ridi. 
ardfl, S. J. ; 187tV-'8;3, Rev. Henry T. Tarr, S. J. ; 188l-'80, Mr. Thomaa MoLonghlin, 
8. J. ; ia-^3-*d4, Rev. Timothy Bro.snaham, S. J. ; 1883-^84, Rev. John O'Roarke, 8. J.; 
Irie4--i^5, Rev. Eilwanl Dovitt, S J. ; 1884-»a'>, Rev. Thomas Stack, S. J. ; ld85-«, 
Rev. Samuel H. Frisby, S. J.; 1885-'87, Mr. Joseph Gorman, S. J.; 1S8T-^, Mr. 
David Ilearn, S. J. ; 1S89-'— , Rev. John Ilageu, S. J., Rev. John Lefay, & J., Mr. 
James Dawson, S. J., Mr. J. Gorman, S. J. 

The frequent changes in the corps of instructors are dno to the onitom of the 
Society of Jesns. **In the society a teacher is liable any year to be sent to another 
college, and is rarely left more than fooi or five years in one place.'' 



INFLUX OF FRENCH MATHEMATICS. 

threo years in Gonzaga College, two jenra in Worcester College, and 
one year in Boston College. lu'lSGS be retained to Ceurgetown, where 
he taught unlit 1869 ; he was then removed to Woodstock College. In 
1886, a<lvauoeil in years and broken down in In-nlth, he waa sent to 
Frederick, to the novitiate of the society, where be still remains await- 
ing hisend.* His books were used several years at Woodstock College 
(the scbolasticate of the sooiety). At one time they were in rather ex- 
tensive Qse, bat at present they have gone out of use almost com- 
pletely. 

Rev. Benedict Sestini published the following mathematical works : 
iV Treatise on AnalyticaJ Geometry, Washington, 1852; A Treatise on 
Algebra, Baltimore, 1885; Elementary Algebra, second edition, 1835 (t); 
Elementary Geometry and Trigonometry, 1856; Mannal of Geometrioal 
and Inflniteaimal Analysis, Baltimore, 1871. Tlie method of treatment 
of the various subjects in tbese works is not entirely conformable to that 
generally in vognein this coantryat thetimeof their publication. The 
last named work is a thin volnme of 130 pages, making no pretension 
of being a complete work on the subject. It waa intended primarily for 
students in the author's own classes at Woodstock College, iu Maryland, 
and as au introdnction to the atady of physical science. 

With Father Sestini came Uev. Angelo Seechi, the astronomer. He 
was horn in ISIS, and entered the society in 1833. Ue was compelled to 
leave Italy in 1848, on accoaut of the rerolution. He remained at 
Georgetown very little more than a year. In 1«SjO he returned to Italy, 
and was placed in charge of the Roman Observatory, where ho labored 
until his death, February 26, 1878. 

At present the mathematical course consists of geometry, plane and 
spberiual trigonometry, analytical georoetrj-, differential and integral 
calcnlna, mechanics, and astronomy. Algebra is taught in the prepar- 
atory department. This course has remainedpractically the same since 
1829, except that the time given to mechanics has been increased. 

Elective studies have never been offered at the college, nor has the 
practice of lecturing ever been iu vogue. Since 1829 more time has 
been given to mathematics than formerly. About the year 1820 the 
Society of Jesus adopted a new " rri Ho B(MfJioruin," or plan of studios, 
giving to mathematics more attentiou than had hitherto been accented 
to ihem. This bronght about the change at Georgetowu in 1821). The 
methods of the Society of Jesns have been strictly adhered to. " The 
professor first explains the lesson, pointing out the important parts, 
Iheproofo, the connection with other parts of the subject, etc, and giv- 
ing other proofs if those in the book do not suit him. On the following 
day he calls on one of the class for a repetition ; after the repetition 

* ProfeBSor DftvrsoD tiaa eDtleavon4 to find out Bomethiiif; about tlin onrly life and 
cdiicaliaa of Fitbor Sestini, Uut«>tUnciHncaeM. F»t1iiiraeatiiiihimaelf oan nut give 
uyinrormalioDoa theaabjeot; biabealtbbaBfiuIiid roty muob.aDdtusmemor; can 
not be relied opon. 
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the members of the class bring forward their difficulties, saggestions, 
etc., after which the following lesson is explained. Problems are fre- 
quently given to test the knowledge and inventive powers of the sta- 
dents.'' 

Father Sestini's text-books were nsed several years. They were re- 
placed by those of Davies. In 1S80 Gnmmere's surveylDg was intro- 
duced, and the Algebra, Geometry, and Trigonometry of Davies ; Besti- 
ni's Analytical Geometry and Calculus were retained. In 1870 Sestini^fi 
Analytical Geometry and Calculus were replaced by Davies' Analytical 
Geometry and Church's Calculus. In 1872 and 1873 Loomis's Analytical 
Geometry was used. In 1874 Olney's Algebra, Trigonometryi andCalcn-. 
lus were introduced ; Davies' Geometry and Gummere's Sarveying were 
retained. In 1878 the Algebra and Geometry of Loomis were used, and 
in 1879 his Trigonometry, Analytical Geometry, and Calcalos. Two 
years ago Wentworth^s series was introduced, with Taylor's Galcnlus. 
Peck's Mechanics was used until 1881 , when it was replaced by Dana's. 
In calculus the notation of Leibnitz has been employed <' as far back u 
we have any records." 

At the college observatory no work has been done for some years; 
but in January, 1889, Rev. John Hagcu, S. J., was placed in charge of 
the observatory and will make regular observations. Father Hagen 
was formerly at Prairie dn Chicn, Wis. He is a mathematician of con- 
siderable ability and has contributed articles to the American Joonul 
of Mathematics. 

COENELL UNIVERSITY.* 

When Dr. Andrew D. White entered upon the organization of Cornell 
University and the selection of a faculty, the first professor appointed 
was Evan William Evans. He occupied the chair of mathematics at 
Cornell from the time of its opening, in 1868, till 1872, when he resigned 
on .'\ccount of failing health. Professor Evans was a native of Wales, 
came to this country with his parents when a child, was gradaated at 
Yale in 1851, and studied theology for a year. He then became princi- 
pal of the Delaware Institute, Franklin, ]^. Y., was tutor at Yale from 
1855 to 1857, and, later, professor of natural philosophy and astronomy 
in Marietta College, Ohio, where ho remained until 18G4. Before en- 
tering upon his work at Cornell University he was occupied for three 
years as mining engineer, and spent one year in European travel. He 
died not long after resigning his position at Cornell. 

In the same year that Professor Evans was selected to the mathemat- 
ical chair, Ziba Hazard Potter, a graduate of Hobart Collegei was ap- 
pointed assistant professor of mathematics. This position he held for 
fourteen years. 



* The Avritor is indebted to tlie kindness of Professor Oliver for sending annual 
Tei>ort8 and giving information on the mathemr^tlcal courses of study at Cornell Uni> 
vorsity. 
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In 1869 William B. Arnold, major U. S. Volunteers, euterod upon the 
duties of assistant professor of matliematics and military tactics, and 
served seven years in that capacity. 

Appointed as assistant professor at tbe same time as Professor Arnold, 
was Henry T. Eddy. He is a native of MossacliUHetts, was graduated 
at Yale ia 1807, and then stndied engineering at the Sheffield Scientific 
School. In 1868 he became iastractor of mathematicsand Latin at the 
University of Tennessee, at Kuoxville. At Cornell he received the de- 
grees of 0. E. and Fh. D. for advanced stndies in pare and applied 
mathematica. In 1872 he went to Princeton, where, for one year, he 
was associate professor of mathematics. Since 1874 ho haa held the 
chair of mathematics at the University of Cincinnati. The year 1879-80 
was spent by him in study abroad. 

Professor Eddy has woa distinction as an original investigator. 
His Keaearches in Oraphical Statics (New York, 1878) and his Neue 
VoHstructionen in der graphischen Statik (Leipzig, 1880] are contributions 
of much value, and, we believe, the first original work on this subject 
by an American writer. Professor Eddy is contributing largely to sci- 
entific aud technical journals. In 1874 appeared his Analytical Geom- 
etry. At the meeting of the American Association for the Advauceineut 
of Science, in Philadelphia in 1884, Eddy was Vice-President of Section 
A, Ad delivered an address on '^College Mathematics." Having been 
connected as student or teacher with several higher institutions of learn- 
ing, bothclassicalaud scientific, he was able to speak from his own obser- 
vation and experience of tbe defects of tbe mathematical instruction in 
the United States. His address contains many valuable suggestions. 

In 1870 Lncien Augustus Wait, who had just graduated at Harvard, 
was appointed assistant professor. He held this position for about ten 
years, when he was made associate profesoor^ which position be still 
holds. Some time ago he spent one year in Europe on leave of absence. 
Professor Wait ia an energetic and excellent teacher of mathematics. 

For three years succeeding 1873 William E. Byerly, a graduate of 
Harvard, and now professor there, waa assistant professor at Cornell 
University. Professor Byerly is a fine teacher, and by his publications 
has made his name widely known among American students of the 
more advanced mathematics. 

Since 1877 George William Jones bas been assistant professor. He 
is a graduate of Yale, 1859. He "is thoroughly logical, and the best 
drillmast'Or" in the mathematical faculty at Cornell University. 

As has been seen from the above, two of the former assistant pro- 
fessors at Cornell have since won distinction elsewhere. The same is 
true of some of the instructors in mathematics. Before us lie the names 
of the following former instructors in. mathematics at Cornell : George 
Tayloe Winston (one year, 1873, now at the University of North Caro- 
lina), Edmund Da Breton Gardiner (one year. 1870), Charles Ambrose 
kVan Velzer [one year, 187C, now professor of mathematics at University 
831— No. 3 12 
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of WisoonHio), Madison M. Garver, and Morris B. Conable {each for put 
of one year, about 1876). 

Atpreseut tlieru are four iustructors, viz : James McMabou (slim 
1884), Arlbnr Stafford Hathaway (since 188j), Diiane Studley (once 
1887), George Egbert Fislier {since 1887). 

Mr. UcMabOD la a gradaate of tlie University of l>ubliD, Ireland, 
1881. lie lias a fiuo mittlietuatical ujiiid, aud has obtained gold medaU 
for bia proficiency iu matliematiea and matbeuiatical pbyKics. aod also 
an appointment to ei scliolarship at bia altna water. He baa not pal> 
lished much, bnt baa assisted in tbe preparation of text-books od mathe> 
tnatics issued by the Cornell profeKsorH, 

Mr. Hattiavay graduated at Cornell in 1879, and tben parsaed grad- 
uate studies at tbe Julina Ilopkins University, under SylveetcrandhiB 
associatcB till 1884. WLile iu Baltimore lie frequently contnbnted 
papers to tbe mathematical society at the university, wbicb were sub- 
sequently published in the Johns Hopkins University Circulars. B« 
bas made the theory of numbers his specialty, and has contributed sev- 
eral original articles on the subject to the American Journal of Mstlw- 
matics. He gives a new theory of determinately-coinbiuin^ ide^ 
Mr. Hathaway in not only an able mathematician, but also an expert 
stenographer. When Sir William Thomson, of tbe University of Olsi* 
gow, delivered aconrse of lectures on Molecular Dynamics at the AbU 
Hopkins University, in October, 1884, Mr. Hathaway exercised to 
"power to seize on every passing sound." These stenographic nottt 
of Thomson's lectures were printed by the papyrogmph prooeM sod 
published. At Cornell, Hathaway has assisted in the preparation o( 
text-books, and is now, with Professor Jones, preparing a Projective 
Geometry. 

It will be noticed that Harvard University has contribnted tbe largest 
share of mathematical talent to the faculty of Cornell. Xot only an 
Byerly and Wait graduate's of Barvard, but also Oliver, the present 
occupant of tbe matbematical chair at Cornell. These three sat at the 
feet of that Gamaliel, Benjamin Peirce, and caught the iuspiriug wordi 
of their great master. 

James Edward Oliver was born in Maine, in 1829, and was gradaat«d 
at Harvard in 1819. He had tben already displayed estraordiofiry 
mathematical power, and was at once appointed assistant in the office 
of the American Kantical Almannc, at that time in Cambridge. Iu tbe 
Harvard catalogues of 1854 and 1855 we find J. E. Oliver and T. H. 
BaS'ord enrolled as mathematical students in the Lawrence Scientific 
School, and taking advanced courses of mathematics, such as were 
offered at that time by no other institution in the land. In 1871 Olivet 
became assistant profesaor of mathematics at Cornell, and two years 
later was given full possession of the chair. 

Professor Oliver is an extraordinary man, and it is interesting to lis- 
ten to what bis former f ai>LLB bare to say of him. SaysPiot Q, 
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Telzer : " He is indeed a wonderful man. If Professor Oliver bad some 
of SylveBter's desire for repntatioa, bo would have been heard from long 
ago, and would have been known all over tbo world." Says Mr. A. 8. 
Hathaway; "Professor Oliver ia a rare genius, powerful, able, but 
withoat the slightest ambition to publish his resalts. He works in 
mathematics for the love of it. I have seen work of his done one or 
two years ago. Practically the same work appeared in the American 
Journal of Mathematics, written b;y prominent anthors, that I had 
urged him to publish, and which he had promised to do, but which, 
with bis characteristic dilatorine&s and diffidence in this respect, he 
failed to do until it was too lat«. I consider him fully equal in point 
of natural ability to Professor 8ylv«8ter, and he is bett«r able than 
Professor Sylvester, I think, to acq aire a knowledge of what others have 
done. He lacks, however, the energy and ambition of Professor Syl- 
vester, and does not concentrate his powers on any one subject. His 
work ia im- methodical, and leads in whatever direction his mind is bent 
at the moment. The result is that he is a far more amiable and con- 
genial person to meet than Professor Sylvester. He never obtrudes self 
upon you, and wherever yon may lead he will follow. Indeed, his sim- 
plicity of character and interest in everything that interests anyboily 
else is one of his greatest charms. There are few sabjeots in which he 
does not know more than most people — you find it oat when yoii are 
talking with him — but be does not seem to know it, at least he never 
obtrudes it." 

.Professor Wait is described as a " live energetic bosiness manager, 
who was appointed to the position of associate professor to supplement 
ProfeSF^or OliveHs shortcomings, and to take care of tbe pruotical man- 
agement of the department. A better man coald not have been ehoveii 
to assodato with Professor Oliver. The latter fluds in Professor Wait a 
ready promoter of his ideas and plans, and one who Is capable of carrying 
them oat in the smallest detail, and of taking charge of the department 
without troubling the chief." 

Professor Jones is a good drill-master. The balk of the work on 
mathematical text-books is done by him. Bis style has been adoi)ted 
throughout. Piofesssor Olivei'a style is more classical and polished, 
but that of Professor Jones is more suitable for elementary text-books. 
In consequence, everything written by any one else, has been re-sha[ied 
more or less by him. 

The mathematical faculty of Oomell have published several text- 
books, going by the name of '* Oliver, Wait, and Jones's Mathematics." 
Tbe works in qnestion are, a Tr^^atise on Trigonometry, a Treatise on 
Algebra, and Logarithmio Tables. In preparation are also a Drill- 
Book in Algebra, which will be specially adapted to the work of the 
preparatory schools, and a Treatise on Projective Geometry. 

The Treatise on Trigonometry has been used auccesafully at Cornell 
for eight years, and their Treatise oa Algebra for two yeata. "Eq^ v'«ia. 
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rt'galar classes (in algebra) the more difflcnlt parts have been cntoirtl^ 
but every year nearly all that was omitted by them has been takeoi^ 
lit' ir/\ltintanr /■Taoajka /all 'Pi-jasIi m0n^ with frri^nt Qntiqfii^.tinn nnri nn^At^ ' 
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by volunteer classes (all Freshmen) with great satisfaction and proftt,* 
After eight years of use the Trigonometry has been wholly rewritten. 

The Treatise on Algebra is not a book intended for betnnners, bat 
primarily for students entering the Freshman class at Cornell, and who 
have had extensive drill la elementary algebra. Most of oar Americaa 
colleges wouKl Qud the book too difficult for use, on accoiiQt of deficient 
preparation on the part of student-s entering. 

If we compare Oliver, Wait, and Jones's Algebra with algebras used 
in oar colleges ten or fifteen years ago, we discover most radical differ- 
ences ami evidences of a speedy awakening of mathematical life amoDg 
tis. A great shaking has taken place among the "dry -bones" of Amer 
jean mathematical text-books, and no men "shake" more vigoronsly 
tbaii the professors at Oornell. Among the improvements we woald 
mention a clearer statement of first principles and of the philosophy 
of the subject, the introduction of new symbols, a more extended treat- 
ment and graphic representation of imagiuaries, and a more rigid treat- 
ment of inliujte series. With some corrections and alterations inasobst 
queiit edition, we have little doubt that the book will become the peer cd 
any algebra in the English language. 

At Uornell great eftbrts are made to teach the logic of mnthematicii 
but it is hard to attain the desired standard on account of the way tbit 
preparatory schools train their pupils. The preliminary training in 
algebra generally gives students the idea that algebra is merely a mau 
of rules, and thatstndentshavesimply to learn the art of applying- them. 
In consequence of this, there is a constant rebellion among the average 
Freshmen to the logical study of algebra. Formnla; and substitutioni 
are his stand-by. 

The attendance of students has been very largo at Cornell. Com- 
pared with some other departm<;nts of the university, the teaching 
force in mathematics has been rather small. In 'lonseqnence of this, 
the time and energy of the professors have been taxed unnsaaliy by 
work in the class-room. In the appendix to the Annual Report of the 
President of Oornell University for 1SS6-S7, Professor Oliver speaka 
of this subject, and also of the general work of the mathematical de- 
partment. He says; 

"We are not unmindful of the fact that by publishing more, we oonld 
help to strengthen the university, and that we ought to do so if it were 
possible. Indeed, every one of \\s live is now preparing work for pub- 
lication or expects to be doing so this summer, but such work progresses 
veryslowly because the more immediate duties of each day leave oaeo 
little of that freshness without which good theoretical work can not be 
done. 

"A reprint of our algebra, increased to 413 pages, has, however,!^ 
peared this year, and has attracted favorable notice from the pre 
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from distinguished matbematiciaDS. All five of as have in some way 
contribated lo tlio work, but macb more of it lias beeu douo by Profes- 
sor Jouea than by any oue else. Tlie chapters with which we projiose 
to complete the book deal mainly with special applications, or with 
topics peculiar to modern analysis. Meanwhile we have snccessfally 
OBed the volume in all the Freshman sections this year. • • • 

" The greatest hindrance to the euccosa of the department, especially 
in the higher kinds of work^Iies, as we think, in the excessive amotiut 
of teaching required of each teacher; commonly from seventeen to 
twentyormorehoursper week. The department teaches more men,if 
we take account of the number of bonrs' instruction given to each, thaa 
does any other department in the university. Could each teacher's 
necessary work be diminished in quantity, we are confident that the 
difference wonld be more than made up in qnality and increased attract- 
ireness." 

From the Report for 1S87-S8, p. 75, we clip tlie following ; 

" Of coarse one important means toward this end [of secaring the 
attendance of graduate students] is the publication of treatises forteach- 
ing, and of original work. A little in both lines has been done during 
the past year, though less than would have been but for the pressure 
of other university work, and less than we hope to accomplish next 
year. Professor Oliver has sent two or throe short articles to the An- 
alyst," and has rend, at the National Academy's meeting la Washing- 
ton, a preliminary paper ou the Sun's KotatioD, which will appear in the 
Astronomical Journal. Professor Jones and Mr. Hathaway have lith- 
ographed a little Treatise on Projective Geometry. Mr. McMahon has 
sent to the Analyst a note on circular points at infinity, and has also 
sent to the Educational Times, Lonilon, solutions (with estensioiis) of 
various problems. Other work by members of the department is likely 
to appear daring the summer, including a new edition of the Treatise 
on Trigonometry." 

As to the terms for admission to the university, in mathematics, the 
reqairemeuts in 1869 were arithmetic and algebra to quadratic equa- 
tions; but plane geometry also was required for admission for the course 
in arts. " I judge from an old ' anuouncement,' " says Professor Oliver, 
"that in 1868, when the university opened, some students were ad- 
mitted with only arithmetic." In recent years the requirements have 
been arithmetic, algebra through quadratics, radicals, theory of expo- 
nents, and plain geometry. In theeagiueeriag and architectural courses 
solid geometry has been added. 

In and after 1S89, candidates will have two examinations, the " pri- 
mary " and the " advanced." The " primary " examination will cover 
the following subjects in mathematics: 
W- In Arilkmelic, iuoluding the metric afstem of weiglita KOd nefunres; ae mnoli as 
Hi Oont&iDed iu the larger toxt-liooks, 

1 not dnAl^tl.XiraX A'A.'anX* <■! 
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In FktM Gtotnelnj; as taucU m ia cootained in ihe firat five books nfChanTeDePi 
TieBtise oo Elamentarf Geometi?, or ia the first five boolu of Wout'n'orth's Elemsau 
of Plane and Solid Geometry, or Id tbe first aii booka of Newcomb's ElementA of Ge- 
omelr;, or iu tbe first sii books of Ilambliii Riultb'B Elenienta of Geometry. 

In Algebra, throtiRh quBdratio eqn»tlona, and inclnding radicals and the theory o( 
exponents; as tniicb as is contained m the corresponding part* of the larger treaUMt 
of Newoomb, Olooy, Bfty, Bobinson, TodbuDter, WoiU, or Wentwortli, or In those 
portJi of Oliver, Walt, and Jones's Treatiee on Algebra that are indicated below, wltli 
the correspondiag examples at the ends of theaeTeral chapters : Cbaptera I, II, IU; 
Chapter IV, cicept theorems 4, 5, 6 ; Cbapter V, except H 3, 5, and not«a 3, 4, of 
pKblemS; Chapter VII, } 11; Chapler VIII, H l.S.tbe first three pagM of f 9 ud 
J9; Chapter XI, except i 9, proMen 9 of } 13, and H 13, 17, te. 

For admisaion to the coarse lending to thedegreeofbachelor of arts, 
no farther knowledge of matbematics will be necessary, in any ca^e. 

For admisaion to the courses leading to tlie degrees of bachelor of 
philosophy, bachelor of science, bachelor of letters; to the course in 
agriculture ; and (in and after 1890) for all optional students, there will 
be required, in addition to the " primary " examination, an "advanced" 
examination in two advanced subjects, "one of which must be PreDOli 
or Qerman or mathematics." If the applicant chooses mathematics, h» 
will be examined OD all the Freshman mathematics, namely, solid geom- 
etry and elementary conic seetioos, aa much as is contained in New- 
comb's EIlemeDta of Geometry ; advanced algebra, as much as is oOD- 
taiued iu those parts of Uliver, Wait, and Jones's Treatise on AlgelHl 
that are read at the uniTersity (a list is sent on application to tbe K«{. 
istrar) ; and trigonometry, plane and spherical, as much as is contained 
in the nnstarred portions of Oliver, Wait, and Jones's Treatise on 
Trigonometry. 

It was the desire of Mr, Oornell and President White to establish s 
university giving broad and general training, in distinction to the nar 
row, old-fashioned college course with a single combination of studies. 
The idea was well expressed by Oornell when he said that he trodted 
the foundation had been laid to " an institution where any person can 
find instruction in any study." We shall proceed to give the course of 
study iu mathematics, and let the reader judge for himself whether or 
not the idea of the founder has been carried oat in the mathematioal 
department. 

We begin with studies which have been required for graduation. The 
mathematical course has always iocladed, for alt candidates for bacca- 
laureate degrees except (at one time) a few natural history and analytic 
chemistry students, one term each of solid geometry, advanced algebn, 
and trigonometry (eitlier plane, or plane and spherical). Atone time 
students in history and political science had one term of theory of prob- 
abilities and statics instead of spherical trigonometry. Therebavealeo 
always been required in all engioeerlng courses and in architecture, 
analytic geometry aud calculus; and, sometimes, analytic geometry in 
certain other courses, as those in science and philosoptiy. At present 
the amount required is one term of analytic gi^ometry and oun t 
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calculus, in the course of arcbitecLuro, and one tern of analytic geoin< 
etry and two terms of caicnlns iu the engiuecriDg course. At prea- 
ent, tlie students in mechauical and electric ctigineeriug take also an 
extra term in projective geometry and theory of equatiouB in the FreBli- 
man year. Tbese are the "required" mathematics in the different 
courses. 

la addition to these, " elective " mathematics has always been offiTCd 
by the university to upper classmen, and also, of late years, to Freshmen 
and Sophomores. The namber of these elective course? has gradually 
inoteaaed, till now they are as follows (Begietfir 1838-S9) : 

KLECTIVX 'WOHK.* 

[Any conrse not desired at the begicniDg of tbe f^ill term hj at leoat tLree etmleiitfl, 
ptoperly propBred, luay not be g:iroii.] 

11. Problems in Geometry, Al^bra and Tcigonometry, soppleuientary to the pl» 
Mribed work in tliose Bubjeolo, two hour* ■ ivook. ProfeMor Jokeb. 

13. Adranced work in Ali^bro, including DetermiuautA and the Theory of £qa»- 
tioDH, tiro hours a week. Professor Wait. 

13. Advancod work in Trigonometry, one hour a week. Professor Wait. 

[Tho eqoivalentB of conrBes H, 12, and 13 are neeeaHnry, and course 11 18 naetal, aa 
ft^npantion for moat of thecoones that follow.] 

U, AdTancod work in.^na1ytii} Geometry of tns and throe Dimendoiis, rit: — 

(a) Pirat feoi, LiuM and iiur&cea of First and Seoond Orders. 3 hoou. ProfsMor 
Jones. 

(6) Second year, General Theory of Algebraic Carveaand Soifacei. 3 hoaia. Pro- 
fessor OUTRR. 

15. Uodetn Synthetic Geometry, iaoiniXing Prttieotivo OcomelTy. S boara. Pro- 
liMBor Joszs. 

16. Def.criptiffB and Phyaioal Antronomy. 3 honrs. Mr. Stcblet. 

IT. The leaching of UuthematicB. Seminary work. 1 hour. Profosaor OuTKB, 
and mo«t of the teaobers in the DopaitmeDt. 

16. (a) Muthemacical Essnya and Theses; (t) Bominary for discnssion of rognlta of 
stadentfl' in vest) gat ions. Professor OuvBR.. 

19. Advanced work in Diffurentiai and Integral Calooltis. 3 houra. Mr. FieRKB. 

30. Qualities, wilh Applicatious to Geomotry. Kequires courses H, 13, 14 (a), and 
preferably also 11, 13, 19. May be sitnuU^iieous with 14 (h). 3 boiira. Mr. Mc- 
Mabom. 

SI, Differantial Equations ; to follow conrie 19. 3 honra. Hr. Hatha wat. 

SS. Theory of Fnootion*. Bequires conrse 19, and preferably SI. (a) First year, 
3 faonra. (b) Second year, 2 hours. Prnff^ssor Oliver. 

S3. C«le«tial Ueclianics. 3 hours. Profttesur Ouveil 

25. riiiit« Difierences. d hours. Profosaor Ouviit. 

37. Rational Dynamics. Prufeasor Wait. 

as. Molecular Dyoaaiics ; or, '£>, TUoory of Numlicrs. a hours. Mr. Hathaway. 

30. (s) Vector Analysis; or, (b) Uyper-Geoojetry ; or, (o) Matrioes and Multiple 
Algebra. S hours. Profeartor Oliver. 

31. Thaoif of Prohabilitius and of Uistrihution of Errora, inclading some aeciologio 
applicatituu. 3 hoars. Professor Olivro, or Professor Jonss, 

41. Uathematical Optica, including Wave Theory and Geometric Optics. 2 houra. 
Profeseor OuvKti. 

' Hnnbers 1 to 10, inolnaive, refer in tbe catalogue to rcguirid etodies in math*- 
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43. MatbenntiMl Theory of Sound. 3 boun. Ur. MoMasok> 

44. MMLematical Theorj of Klectricitj and Magnetisiu. Piofeisora OuvntSBl 

' WilT. 

In inoBl of the aliore LraucLos of piiro mathematicB, an addition*] yftu'a iiutnw- 
tion, 1 or 2 hours per week, may be giveu If dcairod. 

For Bevernl >'ears (from ISTl to ISST, we believe) there has been also 
a "course in matlieniatics," with a fixed curricultim, leatliiiK to tlie 
degree of '* bachelor of science in msitbeiuatics," but it was dropped vhea 
the umnerous prescribed carricala and resulting degi'ees vere consoli- 
dated into a few " general courses," of which the work is mainlj pre- 
Bcribeil in the Grst two years and maiulj elective in the last tvo, a&dft 
few "technical courses," whose work is mainly prescribed tlironghoat. 
Thatold "course in mathematics'' comprisodsonie language and colture 
studies, botany, geology, logic, English literatnre, descriptive geom- 
etry, analytical mechanics, lectures and laboratory work in physics, 
■while, perhaps, two-fifths of all the student's time was given to pure 
mathematics, including analytical geometry, calcnlas, diflitrential equa- 
tions, finite differences, quaternions, imaginaries, mathematical essays, 
seminary- work, etc. The object of this course was to give the best 
equipment to students intending to become teachers of matbematica, 
professors, and investigators. The students in this course were few, 
but earnest, and some of them have since been making their mark at 
teachers and investigators. 

As to the mathematical text-books which have been used at different 
times, we make the following statement : 

In Elementary Geometry, Loomis till about 1873; since then, Olia» 
Tenet. 

In Elementary Geometric Conies, Loomis, then Peck, though thepna- 
cut professors "don't much like either." 

In Modern Synthetic Geometry, Professor Evans used no book, bat 
gave lectures. The same has sometimes been done since. At other 
times, Cremona's QiomMrie Projective, or the recent English translatioii, 
was used. But now a little lithographed treatise on Projective Geome- 
try, written for the purpose by Jones and Hathaway, is being used. 
Professor Oliver has taught, also, Casey's Sequel to Euclid, and, once, 
Steiner's Conies. 

In Algebra, first Loomis, then Davies' Bourdon, Olney, Wells, ^J; 
comb, and now Oliver, Wait, and Jones's, Todhunter's, Bunisi<3 
Panton's Theory of Equations. 

In Determinants, Muir, Dostor, Hnuns, and lectures. 

In Quanttcs, Salmon's Higher Algebra. 

In Trigonometry, first Loomis's (including a little of mensuration. 
Kurveying, and navigation), then Qreenleaf's, Chauveuet's, Wheelei'Si 
and now Oliver, Wait, and Jones's, Todhuntei''fl. 

In Analytic Geometry, first Loomis (for two dimensions) and Davies 
(for three dimensions), also Church, tbon Peck, Todhoiiter, Aldis, and 
now Smith (English work) with the three dimeiisioDs by lecture. With 
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more advanced students have been used also Salmon's Conic Sections, 
Higher Plane Curves, and Analytic Genmolry of Three DiinensioQB. 

In Differential and Integral Calculus, firstLooaiis and Church, then 
Peck, Todhunter, Williamson, Taylor, Mennicr-Joannet, Uomersham 
Cox, Woolhouse, Smyth, Byerly ; and now Taylor for the few students 
ia the one-terra course, the abridged Kice & Johnson's Differential and 
Eice's Integral Calculus (one term each) fur the two-terra conrse ft 
engineers, and Williamsou and Todhunter for ;Mivanced work, wil 
Bertrand for occasional reference and special work. 

In Imaginaries, Argand was used, but now preference is given 
Chapter X of Oliver, Wait, and Jones's Algebra. 

In Equipollence^, Belavitiswas once used. 

In Quaternions, Kelland, Tait, Hardy, Hamilton's Lectures, Hamil- 
ton's Elements. 

In Theory of Fuuctious there have been used Laurent's Fonctions 
Eltiptiques, Hermite's Coura d' Analyse ; and now Briot and BouQuet's 
Theorie des Fonctions Elliptiques and Haiphen's Traill des Fonctiviu 
EUiptiquea. 

In Theory of Numbers, Dedekind's edition of Lejeune Dirichlefi 
Zahlentheorie has been used recently. 

In Least Squares, Mcrriman, 

In Differential Equations, Boole, Forsyth. 

In Finite Differences, Boole. 

In Descriptive Astronomy, Loomis, Nevfcomb, and Hnlden, witb.] 
Young's "The Sun" and Ohauvenet(lbrediiiaes) for collateral readiaL 

In Mechanics. Duhamel's Mdcanique AnaJytique, and now Mincbin'sj 
Analytical Statics and Williamson's Analytical Dynan 

Quaternions have not been taught now lor several years, because the 
professors are convinced that the benefit of that study is \ritb moat 
students better gotten with a mixed counsein matrices, vector addition 
and subtraction, imaginariea, and theory of functions. 

Among the fundamental ideas of President Wbite, in organizing the 
nnivereity, was a close union of liberal and practical education. There 
have, therefore, from the beginning, existed separate departments of 
civil engineering, of mechauic arts, and of physics, each with a sepa- 
rate professor at its head. Astronomy is taught partly in the depart- 
ment of civil engineering aud partly in that of mathematics. 

Pupils in mathematics are always encouraged to do original work, 
bat it is only by older and maturer students that researches are made 
which are of sufficient value to merit publication. The writer has 
before him two printed theses, written to fwenre the degree of doctor of 
philosophy at Corneil University. One is byC. E. Liuthicum, "On the 
Kectification of Certain Curves, and on Certain Series Involved" {Balti- 
more, 18S8) ; the other is by EoWin A. Harris, on "The Theory of Im- 
agea in the Itepresentatiou of Functions" (Annals of Mathemetics, 
Jane, 1888). Both of these are very creditable to the writers and to 
ttie oniTorsi^, and the latter appears to na to &U. a i^&v< 
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Tbere are alwa.V3 some under-graduate students wlio dogoodwotli 
in the more adrnnced mathematical electtves, bat at present it ia b; 
resident graduates of Cornell and other colleges that tbe best adraaoed 
work: is expected to be done. Grreat efforts have been and are being 
made to secure the attendance of graduate students in advanced courses 
in mathematics. During the year 1885-86 eleven graduate Btudents 
were engaged iu the study of the higher mathematics. Tbe number for 
the year following is not known to the writer, but the president's re- 
port indicates that the attendance on advanced courses in matbemadoB 
WAS increasing, and that about one-flfth of tbe graduate students w» 
taking their chief work in mathematics. In tbe last report FroftMK 
Oliver says: 

" During 1387-83 eleven graduate students have taken more or leea 
of their work with as. Allowing for such as were partly in other de- 
partments or remained but part of the year, we Hud that the mathe- 
matical department has had about oneseveotb of all the graduate work 
in tbe nniversity. This would seem to be oar full share of this desirable 
kind of teaching, when it is considered that the higher mathematicA ii 
difficult, abstract, and bard to popularize; that of coarse we can not 
attract students to it by laboratories and largo collections (exc«pt ot 
books], nor by the prospect of lucrative industrial applications ; ud 
that oar department's whole teaching force, composed of only about 
one-eleventh of all tbe active resident professors and instructors in tbe 
aniversity, and including only one- thirteenth of the resident professon, 
has to do about one-ninth of all the teaching in the university." 

We are sure that many, perhaps all of oar professors of matfaematJis 
will see in the following remarks by Professor Oliver the reflectioBOf 
their own experience as teachers : 

"We have always had to contend with one other serious diflSeulty. 
There is a wide-spread notion that mathematics is mainly important ibt 
the preliminary training of certain crude powers, and aa auxiliary to 
oertain bread-winning professions, and that only literary studiw can 
afford that fine culture which the best minds seek for its own sake. 
Time, no doubt, will rectify this misapprehension; but meanwhil« it 
hinders our success." 

The methods of teaching mathematics at Cornell are various. Tbe pro- 
fessors sometimes lectnre, especially when there is no suitable text book 
at baud. This method, when a rather full syllabus is given out before- 
hand, and plenty of problems are assigned to tbe students forsolatioD, 
has sometimes proved very succtrssful. The lecturer perhaps calls upon 
the class for suggestions as he proceeds with his topic, and then assigns 
to them for home study some problem very much alike in principle to 
the one they have just beeu discussing together. 

Batoftener it is preferred to base the teaching upon a book that tbe eto- 
deuts can study for themselves, supplementing it by lectures and expla- 
nations, and holding the class to recitations and examinations upon it 
In all the work, and especially in that for advanced classes, the pt^ta 
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are treated hy the professor as fellow-stadeDts, and be avoids asanming 
toward tbem the air of master aud dictator. lodependent tboaght ia 
constaotly encouraged, even when this leads the stndenta to criticise 
the things they are being taaght Mere memory-work and rote-learn- 
ing — stiU in vogue in many of onr schools — ia discouraged in every way 
possible. 

Some of the mathematical teachers at Cornell have been accnstomed 
to tent their pnpil's mastery of the subject by written examinations, 
given in the midst of the term's work without warning, or on weekly 
reviews. There is also a written examination at the close of each term; 
bat atndetita who have done their term's work with a certain degree of 
esceltence beyond what would be strictly requisite to " pasa theia up" 
in the subject are often esempt from this examination. 

Since 1874 mathematical clubs ha,ve existed at times. Different 
members of it would give in tarn the results of their mathematical 
studies in lines a little outside of the regular work of the clasa-rDom, 
and the matterthuB presented wasthec open to discussion by the whole 
company present. Professor Oliver bas generally presided at these 
meetings and taken his turn at preaenting topics and work for diacna- 
ston. The attendance upon these clnbs has generally beeu email, in- 
clnding only the professors, iustmctors, aud a few advanced students. 
Sometimes the meetings would be kept np for a few months or a year 
Vitli a good deal of spirit, and then with change of membership the in- 
terest would flag, and the clnb would be discontinued for a while. 
Much of the work presented was the work of immature stndenta and 
Qot vorth publishing. But these clubs have helped to keep np an in- I 
tereet in mathematics and to stimulate the spirit of originality. 

For the past three or four years tbo club has been merged into a 
"seminary" for the discussion of aims and methods in teaching math- 
ematics. Here the professor proposes such problems as these : "Why 
do we teach mathematics at all, and what practical rnles does this sug- 
gest to us in order that our teaching may be most effective and useful 
toward the end proposed !" " What is the place of memory in math- 
ematical teaohiugt" "What are the relative advautagea of lecturing 
and book work, and how are they best combiuedl" " How can we best 
teach geometryl" "What is the nature of axioms in geometry, and 
how modiOed when we consider the possibility of u on Euclidian space t" 
The professor proposes some such problem, then calls for discussion and 
adds his own views. If possible ho develops on the blackboard a sylls- 
bua or tabular view of the dilU'erent hearts uuder which the theory must 
fbll. Then these are discussed in order, either at thator atsubsequeut 
meetings. In the latter case the discussions are often opened by es- 
says from members of the seminary. This method of eoudncting the 
seminary is most fruitful of results, especially if we remember that the 
chief ottject of the graduate departnieut in mathematics is to train 
teachers of this ecieuce. The coming teacher will acquire possesaioa of 
better methods and higher ideals of mathematical teaching. ^ 
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VIBGmiA MILITAKT IKSTITUTE. 

The Virgioia Military iDStitato at Lexington, Va., i8 a 8tat« institu- 
tion, and was organized in 1839 as a military and scientific school. It 
is a foster child of the U. S. Military Academy at West Point. At its 
organization General Francis H. Smith was made its superinteutlent. 
This position ho hag now held for half a century. What the Virginia 
Military Institute bae been and is, is due chiefly to his long ami faithful 
service as superintendent. ' 

General Francis Henney Smith is a native of Virginia. He gradaattd 
at West Point in 1833, and was as^istantprofessorof mathematics there 
during the first two years after graduation. He then occnpied the 
chair of mathematics for two years at Hampden- Sidney College. At 
the military institnte he added to his duties as superintendent those of 
professor of mathematics and moral philosophy. 

Smith has published a number of mathematical text-books. Some of 
bia books have suffered from frequent typographical errors. In ISW 
appeared his American Statistical Arithmetic, in the preparation of 
which he was aided by R. T. W. Duke, assistant professor of mathe- 
matics at the institute. The boob was called " Statistical Arithmetic," 
because the examples were selected as far as practicable from the most 
prominent facts connected with the history, geography, and statistiBS 
of our country. This novel idea made that arithmetic the mediam &r 
communicating much important information and a better appreciatwi 
of the greatness and resources of our couutry. 

Other arithmetics appeared by the same author, which enjoyed qaita 
an extensive circulation. About 1S4S was published also a Beilesof 
algebras, as a part of the mathematical series of the Virginia Military 
Institute. 

A valuable contribution to the list of college text-books vtas tbe 
translation, by Professor Smith, in 1840, of Biot's Analytical Geometrj'. 
The original French work of Biot; was for many years the text-book for 
the U. S. Military Academy at West Point. When, about ten years 
previous. Professor Farrar prepared his Cambridge mathematics, he 
ohose Bezout's work on the "application of algebra to geometry," in 
preference to the works of Lacroix and Biot, for the reason that these 
works were thought to be too advanced for oar American colleges, 
which had up to that time paid no attention whatever to analj/lkal 
geometry. Bezout's work can hardly be called an analytical geometry. 
The only works on this subject which were published in this country 
after the Cambridge mathematics and previous to Smith's Biot were 
the elementary treatise of J. E. Young (which followed Bourdon as a 
model) and the work from the pen of Professor Davies, of West Point. 
Smitli's translation of Biot reached a second edition in 1846. After- 
ward the book was revised. An edition of it appeared in 1S70. 

In 1867 Smith published an edition of Legendre'a Geometry. 



I&ODB of this work had appeared in this country by Farrar and Davles. 
Smith's translation was from a later French edition, which contained 
Idditions and modihcations by M. A. Blaucbet, an ljl6ro of the £oole 
Polytechniqne. 
In 186S appeared from the pen of Qoneral Smith a Descriptive Qeom- 
etrj'. The study of this aubjeut had been introduced in the institute at 
Atime when it was hardly known b; name in other schools and colleges 
of Virginia. 

The organization of the Virginia Military Institute and the methods 
cf teaching have been much the same as at the U. S. Military Academy. 
Indeed, the institute is ftequently called the " Southern West Point." 
The division of classes into sections and the rigid and extended appli- 
cation of the " marking system " have been adopted from West Point. 
The marking system seems to have originated in France, and to have 
been introduced into this country bj West Point. 

The relative weight given to the different subjects of instruction 
fonniug the general merit-roll of each class is, according to the OOicial 
Ecgi8t«r of 1S87-88, as follows ; 

I. lUtliemntioB (grade).-. 3 12. Snrveyinu 1^^^ 

il, CMl aneiiKwriD); 3 13. Moral aod tiolitioal philosophy .. ^^| 

X UUitftr; eugiovering 1 14. OrdnaDOB and jfUDuery. ......... j^^| 

4. Chemistry ^ '2 15. Drawing ^n| 

i Mecb»nioa 2 16. Geography 1^^ 

8. nench ..... 1 17. Infantry tactica 0.5 

7. G«niikn 1.0 18. Geology 0.5 

8. BngUflli 1 19. DMcr I ptive geometry I 

9. HiyiiM 1.0 20. Logic 0.5 

10. UineralogJ 1 21. Ebetorlu 0.5 

11. Altronouy 1 22. Latin 1.5 

The success of the educational work of the school turns largely upon 
the method of dividing classes into sections, whereby the students are 
accurately i/roded according to scholarship, and each secures a propor- 
tJoaately large share of the persouiil attention of the instructor. Each 
section is " under the command of a ' section-marcher,' taken from the 
first cadet on the seution-roll. The sections are formeil on parade, at 
the appointed hours ; the roll is called by the section-marcher, absen- 
tees are reported to the officer of the day, whose duty it is to order all 
not properly excused to the class duty. The section-marcher then 
_ Biarches his section to the class-room, reports the absentees to the pro- 
tor, and then transfers to him the responsibility which he had thus 
t borne. The professor examines the section on the appointed lesson, 
I responsibleforthe efficiency of his instruction, and once a we<;k makes 
1 official report to the superintendent of the progress of his section. 
Ibese reports are duly recorded, and constitute an important element 
B the standing of each cadet at his semi-annual or general esamiua- 



*Tbe Inner Lifu of the Virginia Milit»Ty Inatitote Cadet, by F. 
.. D., 1678, p. 22. 
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Aa at West Point, 50 at this instituttoD, a candidate foradmiBsionti 
been required to knovr no other niatbeniatioal study than aritbmetic. 
" Tlie four groiiiid rules ot'aritbuiotjc, vulgar and decimal fi'actionB, and 
the rnle of three " admitted a cuudidate, as far as mathetDatica is oon- 
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Tbe course of study baa been the same as at West Point, bnt tlie 
books used have not always been tbe same. Tbe books naed at tlie 
beginning were as follows : Bourdon's Algebra, Legendre's Geometry, 
Boucbarlat's Analytical Geometry (in French), Bonobarlafs Difi'erential 
and Integral Onlculus (in French), Davies' Descriptive Geometry, 
These were, later, displaced by other books, chiefly Smith's ovra worka, 
viz, Smith's Algebra, Smith's Descriptive Geometry (after De Fouroy), 
Smith's Legendre's Geometry, Smith's Biot'a Analytical Geometry, 
Courteuay's Differential and Intep^ral Calculus, Bnckingbam's Calcnlas. 
As at West Point, so here, there have been no elective studies. 

During the first twenty years of its existence the Virginia Military 
Institute was flourishing. It " had just placed itself before the public 
as a general school of applied science foi- tbe development of agricultural, 
mineral, commercial, manufacturing, and internal improvemeot interesta 
of the State and country when the army of General Hunter destroyed lU 
stately buildings and consigned to the flames its library of ten thoasaDd 
volomcs, the philosophical apparatus used for ten years by ' StouewaU' 
Jacksou, nod all its chemicals. The cadets were then transferred to 
Bichmond, and the institntion was coutinaeil in vigorous openrtim 
until the evacuation of Richmond ou tbe 3d of April, 1865."* 

The War left sad traces on the iustitution, besides the destraotiMtf 
its buildings, library, and apparatus. Three of its professors bad bett 
slain in battle : Stonewall JacksoD, who had been professor of untunl 
and experimental philosophy since 18j0; Jlaj. Gen, B. E. Itodee, a 
graduate of the iustitute, and, in 1860, appointed professor of ciril aod 
military engineering ; Col. S. Crntchfleld, also a ^aduate of the Inflti- 
tute, and, since 1858, professor of mathematics. Among tbe slain were 
also two assistant professors and two hundred of its alumni. 

Notwithstanding the impoverishment of the i)eople immediately after 
tlie War, it was decided in 1S65 to re-open the institntion. Without ose 
dollar at command to ofifer by way of salary to the professors, the txmnl 
of visitors called back all who survived, and filled the vaoanotes of tbooe 
who bad died. Work was begun with earnestness. On the 18th of Oc- 
tober, 1865, the day designated for the resumption of academic duties, 
sixteen cadets responded. At the end of the academic year the num- 
ber of cadets was 65. Such vitality under euch discouragements 
prompted the legislature to restore the annuity the next winter. It was 
not very long before the Virginia Military In.stitnte was restored to all 
its former lustre. In 1870 tbe baildtngs of the institute were restored 
and equipped with laboratories and instruments. 
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l%eUfflGmlRegisterforl887-83giTesll9oadet« in the acndemic school. 
The studies in inattiematics for tbal year are as follows : Fovrtk otaas — 
First year: Sinilb's Algebra, Davies' Legendre's Geometry aod Trigo- 
Dometry (revised by Vau Amrioge), Bxercises. (Recitations fi-om 8 to 
U daily.) Third ctius— Second year: Smilb's Biofa ADalytical Geome- 
try, Baekinghaui's DiB'ereiitial nod fa tegral Calculus. {BeottatioDS from 
9 to 11 daily.) Second data — Third year: Uabau-Wiieeler, Darie^Sur- 
TOying (Van Auiringe), Gillespie's Surveying, field work. (Itecitation 
from 10 to 11.) First clasa — Fourth year; Bankiue's Applied MecboniOB 
umI Bankine's (Jivil Engineering, loctares, and field practice. ■ 

UNITBKSITY OF VIBGIHIA. 

President Jeflferson devoted the golden evening of his life to the 
foQDiliiig and building up of the University of Virginia as a nursery for 
the youth of bis mitcb-lovcd State. This greatest university of the 
Sooth has from its beginning bad features pocaliar to itself. The entire 
abaofloumeut of the class system, aad the course arrangement of its ' 
MQdies, are its most prominent distinguishing features. From the very 
beginning the method of iustruetion baa been by lectures and examina- 
tJoott. "Text-books are by uo means discarded, but the professor is 
expected to enlarge, explain, and supplement the text. Every lecture 
ii preceded by an oral examination of the class on the preceding lecture 
and the correspoudiug text. This method stimulates tbe professor to 
greater eS'urt«, and excites and maintains the interest and attention of 
the students a hundred fold.'" ■ 

Tbe university was opened for stndenta in March, 1S25. It then bod J 
eight distinct schools, but at the present time it has uiueteen, " eaoh 
affording au independent course under a professor, who alone is respon- 
sible for tbe system and methods pnrsned." One of tbe eight original 
schools was that of mathematics, pure and applied. The first profes- 
sor of mathematics (from 1825 to 1827) was Thomas Ilewett Key, of 
Eoglaod. lie was a graduate of Trinity College, Cambridge. Besides 
bis ability as a mathematician, he possessed great classical and general 
attainments. Ho resigned his position in order to accept the professor- 
ihip of Latin in tbe London University. 

His successor was Charles BonnycAstle, of England, who, npon Mr. 
Key's resignation, was transferred from the chair of natural phdosophy 
to that of mathematics, which he coDtinueU to fill until bis death, in 
1840. He was tbe eon of John Bonnycastle, who was widely known in 
England and America for his mathematical text-books, and was edu- 
cated at tbe Royal Military Academy at Woolwich, where his father 
was professor. His father's books exhibit those faults which were com- 
mon to English works on mathematics in his day. It is fair to presume, 

'Dr. OennerBarriMii, in Dofokinck'sC^olDpadlA of Anerlcaa Literature; Article, 

"Dnlvemity of Virginia, " 
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bowcver, that Charles belonged to tliat coterie of English matbemati- 
ciana of which Herscbel, Peacoclt, Wliewell, and others were members, 
and which introduced the Leibuitzian Dotation and also the ratio defioi- 
tioii of the trigonometric fnnctions into Cambridge. At the Uaiversity 
of Virginia he enjoyed the reputation of a man of great ability in math- 
ematics and of broad general knowledge. His lighter writings indicate 
that he could have shone also in the fields of literature. We are happy 
in being able to quote the following, from Dr. James L. Cabell, profes- 
sor of physiology and snrgery at the University of Virginia:" 

"Though apparently an carneBt and enthusiastic student of the higher 
mathetnatics, it was the constant habit of Professor BounycasLle to make 
extensive and varied excursions into other fields of study, such as his- 
tory, metaphysical philosophy, aud general literatgre. I remember to 
have seen in his private library after his death several volumes of 
works on moral philosophy with copious marginal notes written by him. 
I recall in this connection the fact that he used to speak with emphasis 
and some indignation on the absurd charge that the study of mathe- 
matics tends to render its votaries insensible to the force of probable 
evidence, and that when strict mathematical Investigation cannot be 
had, persons whose mental discipline has been secured by such training 
become either obstinately skeptical or wildly credulous, tie insisted 
that all one-sided training had a natural tendency to narrow the intel- 
lect and that this applied to all other branches of learning aud all pw 
fessional pursuits as well as to mathematics. The obvious remedy li« 
iu a liberal and broad culture. It was doubtless with a view to enfom 
his precepts by occasional examples that he was in the habit of deliver 
iug at the opening of each session of the university a popular leotare, 
the topics of which, having apparently a very remote connection witi 
mathematical studies, were actually suggested by some recent publioB- 
tious in the department of general literature. These addresses ven 
greatly admired by the crowds of young men who attended them, includ- 
ing, in addition to his own class, representatives from all the other de- 
partments of the university. He was also a contributor to a literary 
magazine publislied by the faculty in 1828-29, Some of his articles 
were stories of more than ordinary merit iu this class of literary pro- 
ductions, aud would probably have made his fortune if such magaziaes 
as Harper's, Scribner's, etc., had existed at that day with a competent 
development of public taste. 

"The only distinct impression which I can now recall as to Professor 
Bonnycastle's method of teaching has reference to his attempts to in- 
doctrinate his pupils at every stage of their studies with the philosophy 
aud essential principles of the sabject under consideration. At that 
time most, if not all, the usual text-books and all the school teachers 
gave only rules which the student was to apply. So far as the students 
knew, these rules might be wholly arbitrary. Professor Bonnyoastle 
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Iniisted on the necessity of placing the student in a position to recog- 
nize the trne significance of every principle laid down. This was done 
by OBal lectures characterized by remarkable lucidity of statement and 
by » marvelloaa fertility of striking illustrations. These lectures were 
fttlly appreciated by the better sortof students in the advanced classes, 
bnt were thonght by most of us to be thrown away npon the younger 
and less ambitious members of the lower classes. The general verdict 
of all classes of bearers ascribed to Mr. Boooycastle genius and attain- 
ments of the highest and most varied character." * 

The text-books nsed by Bonnycastle in pare mathematics, in connec- 
tion with his lectures, were the Arithmetic, Algebra, and Differential 
Oalcalus of Lacroix, the first two iu: Fairar's translation. The theory 
of the integral calculus was taken from Young, the examples from Pea- 
cock's Collection. In geometry he used bis own work on Inductive 
Geometry (183i). 

Id pare mathematics there were in his time three classes : the " First 
Junior," " Second Janior," and '■ Seuior," " Of these the First Junior 
begins with arithmetic; but as the student is required to bare some 
knowledge of this snbject when he enters the university, the lectures 
of the professor are limiled to the theory, showing the method of nam- 
ing numbers, the diSerent scales of notation, and the derivation of the 
mles of arithmetic from the primary uoiion of addition ; the addition, 
Damely, of sensible objects one by one. The ideas thus acquired are 
appealed to at every subsequent step, and much pains are taken to 
exhibit the gradual development from elementary truths of the ex- 
tensive science of mathematical aualjsia." (Catalogue for 183G.) After 
a thorough course in arithmetic students were well prepared for alge- 
bra. In teaching the rules for adding and subtracting, etc., they were 
compared with the corresponding rules in arithmetic, and the agree- 
ment and diversity were noticed and explained. The elements of geom- 
etry were taught and illustrated by models. The book on Inductive 
Geometry was prepared especially for the use of his students. It in- 
cludes geometry, trigonometry, and analytical geometry. Iu the defi- 
nition of the trigonometric functions the ratio system is used. " The 
chief result which the author hoped to secure by the proposed innova- 
tion was such an arrangement of the subject as would enable him to 

" Iq anotber part of his letter Dr, Cab&ll Bays: "I felt bonnd to tell yon tbat 
ovins to my complete want of matheniBtioal kaowledgo, even to tlio extent of igno- 
TftDce of the terminology of the acieoue, 1 was utterly iocompotent to form a oriticnl 
jodgmenC of ProfesBOr Bonnycaaile'a method of teneliiiig. I can. bowover, recall with 
Mm« vividneBB the imi>TeBsioii made upoa tue at tlie time -when lie eansod mo aad my 
feUow-atndcDtH to uuderstand the siguiGaance of proc««aea which ne had previoaaly 
applied fn a purely aibitrary metbod. It is probable that we exaggerated tbs merit 
qf our new professor by coDtrastiDg him with the very imperfect auddefectiTe stand- 
ards of tbe common scboolu of Virginia at that dn,y. I believe, however, tbat tbese 
defeota were common to the wholti country when Proteflsor Bounycoatle introdnced a 
nloim which in a few years ma; hftTB beoome geneial." 
L 881— No. 3 13 
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dispense with the distinctions hitherto made between the difTeieiit 
branches of geometry, and thus permit him to treat the problems em- 
braced under the heads of synthetic geometry, analytic geometiyf and 
the two trigonometries, as composing one nniform doctrine, the sdenee 
of Quantity and Position."* 

The general plan appears to be a good one, in the main. Bat its exe- 
cution is not satisfactory. The work covers 631 crowded pages. The 
form in which the subject is presented is bad. Theorems and their 
demonstrations are in the same kind of type, and the eye finds nothing 
to assist and relieve it in passing over the crowded pages of prolix ex- 
planations. Kor is the reasoning always good.t 

His Inductive Geometry is, we believe, the only mathematical work 
which he published while he was professor at the University of Vir- 
ginia. 

Both algebra and geometry were begun in the << First Janior'^ class 
(catalogue 1836), and then continued in the '< Second Junior " class. Oal- 
cuius was begun in this class and then completed in the '^ Senior'^ class. 

The notation of Leibnitz was used at the CTniversity of Virginia firom 
the very beginning. 

In the Virginia Literary Museum, a weekly journal issued in 1829 
by the professors of the university, we read of an examination of the 

* Preface to Induotive Geometry. 

t ''Angles are so evidently portions of space sarroanding their vertex, and this spiM 
BO manifestly the same in all cases, that wo are forced to regard it, directly or iiidl* 
rectly, as the standard to which all angles shonld be referred " (p. 112). The reMon- 
log by which the sum of the three angles of a triangle is shown to be two tiglit 




•ogles, is as follows (p. 123) : " The lines AB^CD^CE, * * * that enclose a small 
triangle at C, are separated by the openings a» 5, o, that are nearly eqnal to the angles 
of the triangle ; two of these openings, namely, a and o, are identical with angles of 
the triangle, and the third, (, which forms a space indefinitely extended, differs Ikom 
the opening we call the angle C merely by the small space incladed in the triaaglai 
'* This last, by bringing the triangle nearer to C, may be rendered as small as we 
please; and thns a triangle can always be assigned whose angles shall differ ficom tfy 
hf 0, and, consequently, the snm of whose angles shall differ from two right aa^es 
by less than any assignable quantity. Some difference between the results appeai% 
it is true, always to remain ; but if we examine more attentively the idea thai wa 
are able to form of infinite space, we shall find the difference in question merely ap* 
parent, and shall perceive the sum of the three angles to be rigidly equal to twori|thl 
angles." This reasoning is bad. It involres, onnecessarily, the consideration oC Ib^ 
finite spaces. 
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Sentor class in mathematics, on Thoi-sday, July 16, 1839: "The mem- 
bera of the class were examined in application of algebra to geometry 
and the theory of corves, as contained in the IV chapter of Lacroix's 
Traits du Calcut IHffirentiet et du Calatl Integral. In the dift'eren- 
tinl and integral calculns they were examined by examples taken from 
the qoestions on these Bobjeets published by Peacock & Herschel. 
The class have studied the differential calonlus chieSy from the treat- 
ise of Boiicbarlat, and the integral from Boncharlat, Lacroix, and the 
examples before mentioned. They hare proceeded to the integration 
of partial differential equations of three or more variables, and the qnes- 
tions proposed were chosen to this extent." These extracts show that 
the course of mathematics taught by Professor Bonnycastte was remark- 
ably far advanced, compared with the work done in the ordinary ootlegd 
or nnlversity in this country at that time. 

Besides the three classes above given there was from the beginning 
a class In mixed mathematics (really agradnateclasB), Under Bonny- 
cutle the tex^ books in this study were Ventnrati's Mechanics and the 
tot book of Laplace's JUecanique Celeste. The principles were applied 
to various problems. A separate diploma has been given to stadesta 
completing this course of mixed mathematics. 

Professor Bonnycastte lell a large number of mathematical MBS. in 
the keeping of Professor Henry, of the Bmitbsonian Institution, who a 
short time before his death sent them to be deposited in the library of 
the University of Virginia. 

After the death of Bonnycastle, Pike Powers, now a minister at Bioh- 
mond, lield the chair untilJ. J. Sylvester was elected professor, in 1811. 
Mr. Powers was a young mathematician of fine gifts and attAinmenta, 
and a pupil of Bonnycastle. Professor Sylvester was then already gener- 
ally recognized as a man of brilliant genius and profound mathemati- 
cal learning. He resigned in about half a year, and afterward ac- 
cepted a professorship in the Itoyat Military Academy at Woolwich. 
We shall have to say more about him in connection with the Johns 
Hopkins University. Prof. Pike Powers was again appointed, tempo- 
rarily, to teach the mathematics. 

The next possessor of the mathematical chair was Edward H. Conrt- 
enay, from 1842 to 1853. He was the first regular occupant of this chair 
who was educated in this country. He was born in Baltimore, in 
1803. After having been esamined for admission to the U. 8. Military 
Academy at West Point, in 1818, the examiner remarked : " A boy from 
Baltimore, of spare frame, light complexion, and light hair, wonld cer- 
tainly lake the first place in his class." Conrtenay completed the fonr 
years' course in three years, and graduated at the head of his clxss in 
1821. From that time till 1834 he was connected as teacher with the 
Milifciry Academy, excepting the period from 1824 to 1828. Afterleav- 
ing West Point ho was for two years professor of mathematics at the 
■University of Pennsylvania, then he became division engineer for the 
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Kew York and Erie Kailroad. He was employed hy the United Statea 
Government as civil engioeer in tbe coiistrnctiou of Fort Independence, 
Boston Harbor, from 1S3' to 1S41. Juat before liis appointment to the 
professorsliip at tlie University of Virginia lie was chief engineer of 
dry-docl£, Savy-Tard, Brooklyn, N, T.* 

Mr. Conrtenay was a mathematician of noble gifts and a great teacher. 
" His mind was qaick, clear, accurate, and di&crimiDating in ita appre- 
hensions, rapid and certain in its reasoning processes, and far-reaching 
and profouutl in its general views. It was admirably adapted both to 
acquire and use knowledge."! He was modest and unaasnming in his 
manner, even to diffidence. lie woald never utter a harsh word to 
pupils or disparage their efTorts. " His pleasant smile and kind voice, 
when ho would say, ' Is that answer perfectly correct ! ' gave hope to 
many minds struggling with the difQculties of science, and have left 
the impression of affectionate recollection on many hearts."! 

Begardtng his work at the University of Virginia, Professor Tenable 
(at one time a pupil of Courtenay) says that his course in pure mathe- 
matics was prepared and written out (or rather printed on whit« cloth 
in large letters) with great care — following Bonnyoastle in the use of 
Young in the treatment of the differential and integral calculas. ffis 
coarse in this branch embraced differential equations and the oalotUoB 
of variations. His MSS. on these two subjects for the Senior class dU 
nearly one hundred and fifty pages of his printed work. His notes od 
the calculus were pabli»hed in 1857, after his death, and became k 
valued text-book in many institutions. " In ita publication the plao, 
language, and even the punctuation have been followed with a fldeUtj 
due to the memory of a friend." The work was more extensive than 
any which had yet appeared in this country on the same subject, Gonite- 
nay added descriptive geometry to the regular course of pare matbe- 
matica. He prepared extensive notes for his class in mised mathematics, 
which embraced a fnll conrse in the applications of the calculus to 
mechanics and to the planetary aad lunar theories (perturbations). 

In 1845 the course in the School of Mathematics was as follows: 
Junior doss, theory of arithmetic, algebra, synthetic geometry; Znter- 
tnediafe cIoRR, plane and spherical trigonometry, land surveying, navi- 
gation, descriptive geometry and ita application to spherical projection, 
shadows, perspective ; Senior clasa, analytical geometry, calculus. The 
class in mixed mathematics studied selections from Foisson, Francffinr, 
Pontecoulaut, and others. This embraced tbe mathematical investiga- 
tions of general laws of equilibrium and motion, both of solids aod fluids, 
Tbe text-books for that year were, Lacroix's Arithmetic, Davies' Boar- 
don, liOgendre's Geometry, Davies' Surveying and Descriptive Geome- 
try, Davies' Analytical Geometry, Young's Differential and IntC 
Oalcnlns. 
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After ibe death of Courteaay tlie chair of msthematics was filled by 
Albert Taylor Bledsoe. He was a native of Kentncky, aud graduated 
at West PoiQt in 1830. He was one year adjunct profeaaor of tnathe- 
matics and French at Kenyon Colloge, Ohio; then one year professor 
of mathematics at Miami University, Ohio, Afterwi»rd he ijracticcd 
law for eight years at Springfleld, 111. Before his coming to the Uni- 
Tersity of Virginia he waa professor of mathematics and astronomy at 
the TTnirerBity of Mississippi. He remained in his new position till 
1863, then became asBistaot secretary of war in the Soathem Oonfed- 
eracy. After the War he became principal of a female academy in Bal- 
timore and editor of the Southern Iteriew. lie died in 1877 at Alex- 
andria, Ya. 

Prof. Francis H. Smith, of the Hniyersity of Virginia, who was asao- 
oiated with Bledsoe in the faculty of the inatitution, writes us about 
him OS follows : " He succeeded here an eminent teacher, Prof. Edward 
H. Courtenay ; and, while the two men were most nnlihe in every respect, 
Dr. Bledsoe's evident ability so impressed his class, that the prestige 
of the mathematical claaa suffered no loaa in his hands. From his Hfe- 
loDg addiction to metaphysical studios, he entered with great zeal upon 
the philosophy of mathematics, a enhject which every infantile mathe- 
matician is bound to have an attack of, but which in its widest rela- 
tions (nay very well tax the powers of the most mature and advanced 
geometer. In this field I think Dr. Bledsoe won a place by the side of 
Bishop Berkeley and Auguste Gomto. His treatise on the Philosophy of 
Mathematics was put in print aud had a considerable circulation. He 
established a new course of lectures here in connection with the usual 
mathematical curriculum, upon the History and Philosophy of Mathe- 
matics. That feature survives to this day. As a manipulator of mathe- 
matical formulfo and solver of mathematical problems. Dr. Bledsoe was 
not strikingly able. 1 have known many men of far less strength who 
were bis saperiora in mere algebraic dexterity. Yet, I was convinced 
&om several incidents which came to my knowledge during his teach- 
ing here that had hia life, after he left West Point, been devoted to the 
BoieDce, be would have left the pure uaathematics simplified in statement 
and Improved in form. His originitlity and force were obvioas to me, 
to whom he freely communicated his difficulties aud successes, during 
his entire residence here. I learped that while at the Military Academy 
these traits were strikingly exhibited by hia solving u problem in the 
taogencies of circles which had up to that time batlled the geometrical 
skill of the academy, and which had been left unsolved by Archimedes 
himself. The solution given by Dr. Bledsoe was afterward published 
in the Southern Review, of which the doctor was editor and proprietor 
for a number of years before his death. He hadin the latter years of his 
life completed a treatise on synthetical geometry, of the Euclidian type, 
ftad, I think, had found a publisher, but whether it ever got printed I 
am not aware. Dr. Bledsoe's greatest work was in the field of meta- 
physical theology, oonatitatioiial law, and le'^ie'ff «.i^w\i&%.'" 
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His Philosophy of Mathematics, pablished ia 1867| exhibits brilliant 
controversial powers. It initiated a reactionary movemeDt among ns 
against the an philosophical exposition of the caloalos in the ooUeges of 
onr land. The book is somewhat verbose in its style. The balk of it 
consists of criticisms of various text-books. Comparatively litUe space 
is given to what the anthor considers to be the true explanation of the 
sabject. It seems to as that the criticisms which he makes are generally 
good and well founded, but that he fails in proposing a sonod aabstitnte 
for the explanations which he rejects. The influence of the book has 
been beneficial in so far as it has caused many teachers to meditate 
upon the philosophy of the calculus. 

He gave lectures also on the history of Uiathematics — a subject which 
received little or no attention in our colleges ut that time. He prepared, 
but never published, a work on analytical geometry, in which, by the 
discussion of one equation which contained, wrapped up within ittelfi 
the whole folio of Apollonius on conic sections, he developed the prop- 
erties of the circle, ellipse, hyperbola, and parabola.* 

Bledsoe pursued, in the main, the course in pure mathematios laid 
down by his predecessor, except that Gourtenay's Oalculus was used in 
place of Young's. For the class in mixed mathematics he ased (in 186A) 
Bartlett's Analytical Mechanics, Newton's Principia, and Pratt^s Me- 
chanical Philosophy. Pontecoulant's Systeme du Monde was also nasi 
by him for his class. 

Professor Bledsoe was not very strict with students in their dailf 
work, but on approach of examination day he knew how to prepare a 
tough set of questions. 

By temporary appointment, Alexander L. Nelson tanght mathematioB 
during part of the session 1853-54 ; Robert T. Massie daring part €( 
the session 1861-G2, and Francis H. Smith, of the School of Natural 
Philosophy, from 1803 to 1865. 

During the War the university barely subsisted ; but scarcely was 
peace restored ere the institution, amidst perplexing pecuniary embar 
rassments, prepared with resolute energy to enlarge its capacity for 
useful work by multiplying its schools. In 1867 the School of Applied 
Mathematics with reference to Engineering was established. 

In 1865 Charles S. Venabie was appointed to the chair of mathe- 
matics, 9 position which he still occupies. He is a native of Yirginiai 
and was born in 1827. After graduating at Hampden-Sidney College 
in 1842, he remained one year at the college as a resident graduate^ pur- 
suing mathema'cics under Col. B. L. Ewell (a West Point graduat^ and 
afterward president of William and Mary College), and English liter- 
ature and history under Maxwell. Ue then became tutor in mathe- 
matics, in which capacity he continued two years, devoting part of his 
time to the study of law. In 1845, he went to the Uuiversi1;y of THr- 
ginia and sp^dut one session in the study of law, mathematica, and Iw- 

• Bledfloe'i Philosophy of Mathematics, p. 130. 
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(rnagea. Here be took tbe matbouiatical lectures of Professor Oonrte- 
Q»y. He was tlieu electecl professor of matliematics at nam pdeti- Sid- 
ney College, to succeed Ewell. After reuiaiDJng tbere one year he 
obtained leave of absence, retarned to tb« Uoivereity of Virginia, and 
stndied mixed mathematics and engineering nnder Professor Coartenay. 
He returned to Hampden- Sidney in 1S4S, and filled the chair of matba- 
matics till June, 1852. He then obtained leave of absence again, and 
visited Germany for the further prosecution of studies. In Berlin he 
studied astronomy uodt^r Eucke, and mathematics with Diricblet and 
BorcbardU He then went to Bonn, studying some months under Pro 
feasor Argelander, tbe director of the observatory of Bonn. While in 
Germany astronomy was bis chief branch of study. He then travelled 
ill Southern Europe, studied for some time in Paris, visited England, 
aod then returned to U am i>d en -Sidney College, in 1853, In 1S56 he 
was elected to tbe chair of natural pbilo-sopby and chemistry at the 
Uaiversity of Georgia, to succeed John Le Ooute, and in 1857, profes- 
aorof mathematics and astronomy in tbe South Carolina College. In 
185S be published an edition of Bourdon's Arithmetic. Yenable took 
part iu the attack upon Fort Sumter, and took active part in tbe War 
DDtfl ita close.* Since his conneotioD with the University of Virginia, 
Professor Veuablo has issued a series of text-books, consisting of Fint 
Lessons iu Numbers, ISCli, revised inlSTO; Mental Arithmetic, 1866; 
Practical Arithmetic, ISUT, revised in ISTl ; Intermediate Arithmetic, 
1372; Elements of Algebra, 1869; Elements of Geometry, 1875; Notes 
on (analytical) Solid Geometry. 

Tbeae rank among the best and most rigorously scientific school- ' 
books published iu this country. Iu his arithmetics, tbe attempt is 
made " to render tbe reasoning of sucli arithmetics as those of Bourdon, 
Brtot, DeMorgan, and Wrigley, easily acoeasible to tbe young." Hie 
Elemeuts of Geometry is" after Legeodre," but it differs from the orig- 
Iml ID tbe discussion of parallels, in tbe use of tbe methods of limits 
instead of tbe method of the reductio ad abaurdvm, in the fuller treat- 
ment of certain part«of the subject, and in giving, at tbe beginmng, a 
chapter on the Theory of Proportion (in which the theory of limits is 
used fur incommensurables) instead of presupposing a knowledge of 
projwriion, as is done by Legendre. Une feature is carried out iu this 
geometry more extensively than in any other of our books, namely, the 
JoeertloQ of "bints to solutions of exercises." A teacher who does not 
make his pnpils solve original problems in geometry, is a failure. But 
tlie exercises given iu most books are not sufliciently graded, and the 
yonog beginner is very apt to get discouraged. The " hinte" given in 
this book serve tbe excellent purpose of assisting and encouraging the 
pnpil in bis first attempts atori<riual work. In 1887 Professor Venable 
psblished an Introduction to Modern Geometry, which serves as an 

'Out Bk*t<b of tbo cncly rarrer of Piofesnor V«aable la Uken from La Bordu'a Hi»- 
torr »f SouLli Ctuulina CoUego, Itn*, p. 474. 
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appendix to his geometry. The Ueatment of the subject fa metrical 
rather than descriptive. 

The method of instruction nndor Professor Venable has been essen- 
tially the same as that followed by his predccet^sors. It consists of lect- 
ures, prelections on approved textbooks, and exercises for testing and 
developing thepowerof the stadent in original solutions. Great stress 
ie constantly laid on the solution by the student of original exercises. 
In this respect, each meeting of theclass is a scminarium. In delirering 
their lectures, some professors of the university vrrite condensed notes 
on the blackboard, others give syllabuses. The ctudents very eoon get 
up printed or lithographed notes on the lectures. The practice of 
reading the lectures does not prevail at the university. 

One might suppose that in an institution wliere students have the 
privilege of attending whatever school they please, the enrollment in 
the school of mathematics would be comparatively small. This has, 
however, not been the case here. The attendance on this school is, as a' 
rule, greater than on any other school of the academic department. Id 
three or four sessions, since the War, the number of students in the 
school of Latin has been greater, but by not more than half a dozen 
students. The full attendance is in itself good evidence of the careful 
teaching and efficient work in the mathematical department. In order 
to present a fuller picture of the services of Professor Venable, we qooU 
from a letter of B. H. Jesse, professor of Latin iit the Tulane Univerrily 
of Louisiana, and a former student of the University of Viigiuia. "In 
my day Colonel Venable was absolutely the most popular among the 
studeuts of all the professors in the University of Virginia, At the 
same time his control was perfect over all his classes, and indeed over 
any and all bodies of students with whom he came in contact. Doubt- 
less his experience as au officer of rank in the Confederate service, his 
long practice in teaching, and his never failing kindness of heart and 
sympathy with young men, produced both the popularity and the power 
of control. 

" Ever since I have known the institution well, now nearly twenty 
years, he has been, more than .iny other man, active and able in pro- 
moting her best interests. To him in large degree was due the increase 
by the State, in 1875 or 1876 , of her annual contribution from fifteen 
thonsand dollars to thirty thousand dollars. This increase was accom- 
panied with ihe condition that all Virginia students able to pass the 
entrance examinations to the academical schools should be educated in 
those schools free of charge. To him chiefly was doe the raising of the 
endowment fund whereby the McCormiek telescope was gained for the 
nniversity. To him chiejiy has been due the large increase in attend- 
ance apon the university in late years. Twice he has been Chairman 
[of the faculty] and twice has he laid the oSice down voluntarily, when 
the university, guided safely by bis wisdom and energy through soma 
aerious difficulties, had reached escellent condition again. He has baU, 
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to my certain kDowledge, many flattering calls to other fields, far more 
profitable in inonoy, but ho has immediately declined them all to etaad 
faet by bis alma mater.'" 

The high and rigid standard inangarated by Bonoycostle and Ooorte- 
nay has been rigorocaly adhered to. The standard of gmddatioa has 
always been high, in fact, very high in comparison with the standards 
in most other American colleges. The mathematical course has been 
broadened, as the preparation of stadent^s under the influence of the 
nniversity upon the academies and colleges has become broader and 
better. *' We have many excellent preparatory schools in Virginia," 
says Professor Venable, "which prepare students well, far into the 
differential and integral calculus in such works as Todhuoter's 
Conrtenay'a Calculus," 

The course in mathematics, as stated in the catalogue for 1887-88, 
gfiidlowa: 

I. PuRK Mathematics. 

t Class,— Tbia class meets tliree timea a week (4ihDnr«]aiidatadieathl 

ilitlimetioal notations anil oporatioiia; ulgebrn, thraaKli the blDomial tlieomnn; 

Mtrj, plaao aod aoljd ; geometrical annlysia, witli nuuierjug exeroisea (or original 

; elementaiy plane trigoniiiDetrj', embracing the Boluiion of triangles, witli 

■e of logarithm!, and aome apnlioations to problems of " hDigbtA and diatances." 

Bprepkratioii dcairable for it is a good baonleilge of arithmetic, of algebraic Dpera- 

latliroagli eqnatiooa of the sooond degree, and of the first three books of plane 

metrf. 

■t hub — TcHlliiuiIeT'i Aleebn; Veoilila'a Lcgi^odrs's Qeometry, with coiUclioD ot eiotolKlj 

'( TrlgaDomctry for IleKlnaflra. 

LiTBRMEDiATB CLA9a. — TWs olass meets twice a week (3 hours) and stadias geo- 

nettical analj-ais, with cxerciaea for origina! solution ; piano trigonometry, with 

Implications; analytical geometry of two dimeiiaioDs; spherical trigonometry, with 

tpplicatione ; elements of the theory of eqnationa. The preparatioa desirable for 

Ibis class ia a thorongb knonledge of algebra throogli the binomial theorem, and 

I logantbma; of syntlietio geometry, plaae aad aolid, nitli some training in the aola- 

L tion of geometrical problems ; and aknowledge of theelementB of plane trigouometiy) 

L belndiDgtbe use of togarithmio tables. 

I Ihn^nb Snowbsll'a TrigonomeUf, I'uckle'i CdhId Sactloiu, Uia Frafiuior'a Colloctlcni nf TiTup. 

■ riaHlnPlBDaGsomotry. 

f Senior Class. — This claaa meets three times a w»ek (4) lionrs) and etndies analyt- 
lul geometry of three dimensiona, through tlie disouaaioD of the conicolds and aome 
cntTM in space; differential and integral calculaa. with various applioationa ; a abort 
Hiuse in the calcalaa of Tariallons; the theory of equations, and lectures on the 
Ililtory of matbematlca. 

IVu-Amli.— Ttaa ProrcMor't Ifatea on Solid Geametry (AnalytlciUj ; TodliDDler'a OlSarBatSal Calaor 
lu, Wllli»ni=ou'«Iiileg™lC«loulus'i Twlhuntar's Thaury of EqQ»[ions. 

' Candidates for graduatloti in pnto mathematics are required to porsae la the tinir 

PBlt; thestadica of both the luteroiediate and Senior Claasaa. ^ 

Thl 



the 

1 



II. Mixed Mathematics. 



This course la designed for those studenta who may daairs 
Itodie* bayond the limits of pure matbematica. It omtiracea ar 

'In former yeara ProfDasor Venable uaed CDurteoay'a Integral Caloulna, which 
mt«d with notes which "nearly equalled the text." (Prof. E.H.JeaH.1 
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reading under the instruction and gaidanoe of tlie professor on the applioatloiiktefte 
differential and integral calculus to mechanicSi physical astronomy, and selected por- 
tions of physics. The class in mixed mathematics meets twice a week (3 honrs). 
Text'bookt.—VricQ'a InAnitoaiiaal CalcoTas, Vols. 11 and III; Cheyne*B PUnetary Theory. 

Matbeoiatical physics and spherical astronomy are taught in the 
school of natural philosophy, in charge of Prof. F. H. Smith. Norton's 
Astronomy is one of the text-books. In this school, auder practical 
physics, are studied also the method of least sqaares. 

In addition to the under- graduate course in mathematics there is now 
a more extended course, occupying a large part of two sesaions of nine 
months. It is given to graduates who are candidates for the degree of 
doctor of philosophy in the mathematical sciences. This coarse in- 
cludes, in ad<lition to the course in mixed mathematics, the study of 
modern higher algebra, modern higher geometry (Steiner's or some like 
work), a fuller study of the differential and integral calculus (Price and 
Holiel), determinants (taught at the university for the last fifteen years), 
a fuller course in differential equations, probabilities, and other selec- 
tions. If the candidate chooses astronomy for his secondary branch, then 
he studies Gauss's Theoria Motus^ and enters into the practical compo- 
tatiou of orbits. Should ho choose physics, then he studies some of the 
advanced treatises in the line of mathematical physics. 

In order to give a better idea of the course leading to the degree of 
doctor of philosophy, we quote from a letter of Dr. S. M.Barton: 

''This doctorate coarse (M)nsisted of graduate studies in pure aid 
mixed mathematics and iiiatheinatical and practical astronomy, and the 
text-books read, and on wliich 1 was examined, were as follows: HoiieFs 
Calcul InfinifesimaL i'ouT volntnos ; Cluisles's Traite de OSom^trie Si^pi- 
rieurc'j Price's Infinitesimal Calculus, Vol. HI (Statics andDyuamicsof 
Material Partitrles); Cheyne's Planetary Theory; Aldis's Rigid Dynam- 
ics; Notes and Kxami)les selected by the Professor. 

" The above were required in the mathematical department. In as- 
tronomy the text-books and requirements were : Gauss's Theoria 3Iotut; 
Notes on the Computation of Orbits, by Prof. Ormond Stone; Notes on 
Least Squares, Pertui bat ions, Variations of Constants, etc, by Professor 
Stone; Computation of the Orbit of Barbara (No. 234). This last was 
of course a work of several months. 

" I was allowed to select my own subject for a thesis, which was ac- 
cepted by the faculty and printed before 1 stood my last examinations. 

" In the jireparation for this thesis I was obliged to read, outside of 
the studies laid down in the course, the method of equipollences, and 
the prineii)les of quaternions, and vari()us articles bearing on the sub- 
ject, in which I made use of the following works: Exposition de la 
Methode dcs UquipoUctum, by Bellavitis, translated into French by 
Laisant. La Vraic Thcorie din Qunntitts Xegaiives, etc., by Mourey. 
Articles in the XouvcUch A nnalcs de Mathcmatiques. Kellaud and Taitfk 
Introduction to Quaternions. Tait^s Quaternions. 
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" In parsaioe these doctorate stadtee I, of oonrse, ina4le nae of mftny 

books for referoDce, amou^ wtiicb I luigbt mentiuo Salmoo'tt GoDic Sea- 

tioa8 aod Hi^tier Plane Curves, anil Geometry of Three Dimeosioas. 

Gregory's Examples. Yds. I and II of Price's Calculus. Some older 

works by Peacock and others, as well as some more elementary trear 

liaes. • " • 

" I caa not refrain • • ■ from athiding to one striking feature 

< of the mathemitlical teaching at the University of Virgiuia, namely, 

indepeudence in the student; and by independence I mean the gpiritot 

i^-reliance which enables the student to work out and elucidate 

bimself. 

"The student is taught from the start to depend upon himself. 

"This spirit of self-reliance pervades the mathematical departmi 

and it promotes originality, as well as gives zest to the work. 

"This would seem to be the only troe way to teach mathematics, 
oany of our elementary teachers do little or nothing to inculcate this 
gn«t principle." 
The thesis referred to above is entitled " Bellavitia's Method of Eqni- 
r pollences" (1»85). It contains an outline of the calcnius of eqnipollenoes 
aadof its relation to qnateruions. It shows that while equipulleuces 
are more readily mastered, and yield on the whole more expeditioaa 
wlatioDs of plane problems than quaternions, the latter are immeasur- 
ably saperior in elegance, logical simplicity, and extent of application. 
Since Professor Venable has been connected with the University of 
Virginia, the dqiartmentof mathematics has graduated many students 
*bo have become prominent as teachers and scientists in their specialty. 
CUef among these are Prof. 0. E. Vawter, professor of mathematics in 
Emory and Henry College for some years, now in charge of the Miller 
Maonal Training School ; Prof. G. Lanza, professor of miithcmatics at 
tlu Massachusetts Institute of Technology ; Prof. W. U. Thornton, of 
school of applied mathematics, University of Virginia; Professor 
tves, professor of mathematics at the University of North Carolina; 
resaor Gore, professor of physics and astronomy at the University 
ITorth Carolina; Professor Bohanuau, professor of mathematics at 
lb University of Ohio (Columbus); Prof. II. A. Strode, principal of 
Kenmore University High School, Virginia; Prof. W. U. Echols, pro- 
(wBor of engineering and president of the school of mines at the Uni- 
Teraty of Missouri; Prof, W. H. Richancer, professor of mathematics 
It the school of mines, University of Missouri; Prof. T. U. Taylor, a>* 
listant professor of mathematics, University of Texas, 

Applied mathematics, i. e., mathematics applied to civil engineering, 
^M taught in the school of mathematics almost at the beginning of the 
^^oiversity. In 1832 a class in engineering was organized as a separate 
^Hklutment under the professor of mathematics, and was maintained as 
^iM&ttafibment to the school of mathematics until ISuO. It was then 
^Hft oat of the vatalog4ie from the fact, no doubt, that the sacceesftal 
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working of such a. course impose<) too heavy a burden upon the matbe- 
niaticiil professor. In 1805 the department of civil engioeeriDg waa 
revived and placed under the joint charge of the profesaors of mathe- 
matics, physios and chemistry. In 1867 Prof. Leopold J. Boeck was 
made assistant professor and placed in charge of the school of applied 
mathematics, compcising courses in civil and miniog engineering. 
These led to the degrees of civil and mining engineer, respectively. 
In 18C8 Professor Boeck was promoted to the full professorship of 
applied mathematics. Ho held tLe chair until 1875, wbeu be resigned, 
sad was succeeded by Wm. M. Ttornton, as assistant proiessor. Pro- 
fessor Tliornton waa subsequently prouioled to the full professorship 
of applied mathematics. This school has sent out a large number of 
engineers of sound training. 

Mention should be made here of the school of practical astronomy, 
nuder the directioa of Prof. Ormond Stone. He is also director of the 
McCormick Observatory, and editor of the Annals of Mathematics. 

UHIVEESITT OP NOEIH CABOLINA.* 

Professor Mitcheirs successor in the chair of mathematics was Janes 
Phillips, from 183G to 1867. Professor Love speaks of him as follows: 
" He was born in England in 1792. It is not known at what school iM 
received his early education. The greater portion of his mathematieal 
education was gotten by private atudy. He came to America in 1818 
and opened an academy in Harlem, N. T. Here he won reputatiooU 
an instructor, and by contributions to the mathematical pablicatioDsof 
the day. In 182C he came to North Carolina as professor of matbfr 
matics and natural philosophy. 

" He was a patient student of the masters in mathematics, of FcTgii- 
Bon, Kewton, Delambre, Laplace, and others. He prepared a text- 
book on conic sections which was published and used as au introduction 
to analytic geometry. He left in manuscript the greater portion of a 
series of t«xt'books on mathematics, including the calculus. These 
were most carefully prepared, but for some reason he never published 
any of them. Probably the War was the cause of his not publishing. 
He left directious when he died that all his MSS. shouhl be baroed. 
Among them were also many translations from I'Vench mathematical 
works. 

" That Dr. Phillips never published more is very much to be regretted. 
He had great mathematical ability, and was au extremely careful and 
lucid writer. Like Dr. Mitchell, lie divided his time and energy. Both 
of them were ministers and spent much time iu the preparation of ser- 
moRs. Dr. Phillips left hundreds of manuscript snrmous; and these he 
directed to be burned with all bis other MSS. He died suddenly of 

•For all the informatioQ heruEiTenoii tbe University of North Caroliu«, thn writer 
!■ todebted to Prof. Jaoics L. Lore, osaociate profoasor of mathematics at tha n ' 
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apoplexy iu the college cbapel, where he had gone to condact mornii 
prayers, on the 14th of March, 1867." 

The requirements for admission were raised in 1S35 so as to inclni 
rU of arithmetic. It eeems that in the same year a little of algebra — 
" 10008*9 Algebra to simple equations"— was also required. The in- 
creoeciu the requisites for entering college were brought on at this time 
with excessive haste, and we are not fturprised that, after three years' 
trial, algebra was withdrawn. It was not again required nntil 11J55, 
when candidates were esamtned on '* algebra through equations of the 
Drst degree." No alterations were made till 1S68. 

As regards the courses of study. Professor Lo^e says: "In 1835 

arjthuietio was dropped, algebra was completed in the Freshman year, 

and conic sections and analytic geometry began in the Sophomore year. 

Id 1839 mechanics was introduced into the Sophomore and Junior years, 

civil engineering into the Senior year, and since that date analytic 

geometry has been completed in the Sophomore year. Calculus was 

begun in the Sophomore year in 1S41, and from that date to 1S68 it was 

wmetimes in the Sophomore year and sometimes in the Junior year. 

For fifty years, from 1818 to 1808, first fluxions and then differential and 

JDteeral calculus were required of all graduates, A three-years' course 

I ^engineering was introduced in 1854. It included in addition to the 

^^fcilax course required for graduation, descriptive geometry, drawing, 

^^Kdes and shadows, mechanics, civil engineering, and geodesy. This 

^^Psne was continued until 1362, 

1 "An attempt was made in 1855 to offer some election of courses in the 
Sophomore and Junior years. Two courses were offered, the one analyt- 
ical, the other geometrical. The latter embraced geometry, plane and 
Kpherie.ll trigonometry, mensuration, surveying, navigation, natural 
I philosophy, and astronomy. The analytical course included, in addi- 
tion, analytical geometry, differential and integral calculus, statics and 
dynamics, acoustics and optics. Dnring the Freshman year the two 
oontaea were identical, but for the Sophomore and Junior years different 
tezt-boobs were used, even for the same subjects, in the two courses, 
Aita two years' trial, these double courses were given up. From 1857 
to 1868 the one mathematical course was as follows: Freshman year, 
tlgebrti, geometry; Sophomore year, plane and spherical trigonometry 
»ith applications, analytical geometry, diflerential and integral calculus; 
Junior year, natural philosophy and astronomy." 

Our list of books used by Professor Phillips is quite complete ; Byan's 
Algebra was nsed iu 1837 ; Young's Algebra was introduced in 1836; 
Peirce's was studied from 1844 to 1S6S, In geometry, Lcgendre was 
Qsed for a time. About 1343 Peirce's Geometry was introduced, and 
not dropped till 1868, except for the years 1855 to 1S57, when Perkins 
Md Loomis were used each one year. From 1857 to 1888, Munroe's 
"Geometry and Science of Form" wfu< used in the Freshman class as an 
introduction to geometry. The idea of premising a course ia demon- 
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Btrative geometry by a short one in empirical geometry ifl very oom- 
mendable. In descriptive geometry, Davies' was introdaoed in 1854; 
also his Shades and Shadows. In 1844 Peirctfs trigonometiy wasin- 
trodaced ; Perkins's was used from 1855 to 1850 ; Charles Phillip^ s 
from 185G to 1860 ; Loomis's from 1800 to 1808. In conic seotioiiB James 
Phillips^s was taught from 1830 to 1847, when Peiroe^B book was intro- 
duced. From 1851 to 1808 Loomis's was studied, exco^t from 18S8 to 
1855, when Church's and Smith's Biot's were used, each a year. 

In calculus the notation of Leibnitz was introduced in 1830. Hat- 
ton's work was supplanted in 1847 by Peirce's Carves, FanotiooB, and 
Forces, which waePfollowed in 1851 by Loomis's. This was lued nntil 
1808, except in 1853, when Church's was 'taught for one year. In as- 
tronomy, Peirce's book was introduced in 1847, HerschePs in 18S5| and 
Norton's in 1857. 

Before the Civil War the university was prosperons and jiopolar. 
The courses in mathematics described above were certainly veiy credit- 
able for their day. Hon. Wm. H. Battle spoke of the university as fid- 
lows : << In the extent and variety of its studies, the number and ability 
of its instructors, and the number of its students, it surpassed nearly 
all similar institutions in our own section of the country, and was be- 
ginning to rival the old, time-honored establishments of Tale and 
Harvard. In the year 1858 its catalogue showed a larger number of 
nnder-graduates than that of any other college in the United Stalsi^ 
except Yale. All this success was accomplished in a very short tlmSi 
A glance at the rapidly increasing ratio of its graduates will iUastrate 
the truth of my remark. For the first ten years after the date in whieh 
degrees were conferred by the university, the number of students who 
received the baccalaureate was 53 ; for the second decade it was 110; 
for the third, 259 ; for the fourth, 140 ; for the fifth, 308; for the sixth, 
448 ; and for the seventh the annual number was going on at a rate 
which would have produced 882, nearly the double of that which im- 
mediately preceded it."* 

During the Civil War nearly all Southern colleges closed their 
doors, but not so the University of North Carolina. It was the boast 
of its president that " during the four years of war the college bell never 
failed in its daily calls, that the faculty was ever in place for duty, and 
' that all grew fat on sorghum and corn bread ; ' that the institution 
was maintained in full tcorking order.^ The severest blow to the pros- 
perity of the university came after the War. In 1808 the old faculty 
was turned out by the " reconstructed " State government, and from 
18C9 to 1871 a new faculty labored to make the university popular 
again. But political feeling was too high ; the university was closed 
from 1871 to 1875. 

'Address delivered before the two literary societies of the Uniyenity of Nortb 
Carolina, June 1, ld(i5, by Hon. Wm. H. Battle. 
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Charles Fbilltps bccatoe professor of matbematica Id IS75. He had 
be*n tutor from 18-14 to 1 853, associate professor from 1855 to 1860, and 
professor of engiueeriDg from 1853 to 1S60. In 1S70 he was made pro- 
fessor emeritns of mathematics, and Balph H. Graves, jr., who bad 
been professor of engiDeering since 1875, became now professor of 
mathematics. Professor Graves is a gradoate of tbe University of Vir- 
ginia and a former papil of Professor Venable. Since 1885 James Lea 
Lore has been associate professor of mathematics, no graduated at 
the aniversity at the bead of bis class, and then took a graduate coarse 
in mathematics at the Johns Hopkins University in tbe year 18S4-S5. 

Under the present able corps of instructors, mathematical teaching 
is again floarishing. Since the re opening, in 1S75, tbe requirements iu 
mathematics for admission have been : arithmetic, and algebra to quad- 
ratic equations. Tbe course in mathematics has been as follows : Fresh- 
mm, algebra, geometry ; Sophmores, plane and spherical trigonometry, 
logarithmtn, plane analytical geometry; Juniors, theory of equations) 
differential and integral calculus, natural philosophy ; Seniors, mechan- 
itt, astronomy. The studies of tbe first and second years have been 
winiretl of all graduates. The studies of the third year.except natural 
pUlosopby, have been elective. Methanics and astionomy were 
reqaired in all courses leading to degrees nntil 1885. Since that time 
SMhaiiics is elective in all courses, and astronomy elective in the A. B. 
OOOTBe. Since 1885 post graduate electives have been offered in solid 
analytic geometry (Smith's), deternjjuaiits, difl'erential equations, mod- 
ern algebra, and quaternions. From 1875 to 1879 a tbree-year course 
in engineering was offered. Since 1879 the conrae has been partially 
tllbdrawn j and at present (1838) it includes only a one-year coarse iu 
ntrejing, descriptive geometry, and projective drawing. 

Eobinson's University Algebra was nsed from 1869 to 1S71, and since 
IMS Schoyler's, Venabie's, Newcomb's, and Well's — Newcomb's most. 
In geometry the books have been, since 1S75, those of Venable, Wentr 
worth, Newoomb, and J. W. Wilson. In descriptive geometry and pro- 
i«;tive drawing Warren's is taught. Daviea' Trigonometry was used 
tmm ISBO to 1871, Wheeler's since 1875, and Newcoiub'a since 1S82. 
In calculus the works of Peck, Courtenay, Bowser, Byerly, and Tod- 
bontcr have been in nse. Since 1883 Williamson has been tbe text- 
book. Xewcomb and Deschanel are tbo books in astronomy and phyg- 
ict. 

In 1883 the Elisha Mitchell Scientific Society was organized. The 
professors of mathematics take part in itB exercises. Meetings are held 
once each month for the presentation of papers on any scientitic subject. 
The society publishes a Journal, with abstracts of the more important 
Vtptn read, and the writer has before him Vol. V, Part I, in which 
liipejtr two papers by Professor Graves on geometrical subjects. These 
liavft been published also in the Annala of Mathematics, to which Pro- 
^^■Bor Graves is a firequeut coutribator. 
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CMIVEHSIIY OF SOUTH CAKOI.IHA." 

The saccesBor of Bev. Dr. Hanckel in the chair of mathematics vas 
James Wallace. He entered upon his duties in 1820, and remained at 
the coUego for fourteen years. Some years previous to his coming to 
this iustitutioD he had been professor at Georgetown College, in West 
Washington. He possessed mathematical ability and flue attainments 
in his specialty. While at Columbia, S. C, he contributed to the South- 
ern Review articles on " Geometrj' and Calculus," VoL 1; "Steam 
Engine and Railroad," Vol. VII; "Canal Navigation," Vol. VIII. In 
the first of the above articles a somewhat severe criticism of Hassler'a 
Trigonometry is given, Wallace upholds the geometrical method and 
the line system. He contributed also to Sllliman'sJonrnal, in one num- 
ber, giving an account of a new algebraic series of Staiuville in Ger- 
gonuo's Annala, but, by mistake, it was not duly accredited, and ap- 
peared like Wallace's work. This drew him iuto a controvorsy with 
I^athaniel Bowditcb. 

Wallace's ability is shown by his treatise on the Use of the Globes 
and Practical Astronomy (New York, 1812). This work was in advance 
of any other American treatise on astronomy of its day. The work bad 
612 pages, was printed closely, with lengthy notes in small type. Soms 
parts required little or no knowledge of mathematics on the part of the 
reader J others assumed a knowledge of geometry, trigonometry, conie 
sections, and algebra, and the last part also of fluxions. The title 
page bears the motto, " Quid minius Reipuhlicw viajun aut melius affent 
posnmua, quam si Jnvcjitvtan bene erudiamim^ — Cicero." 

M, La Borde says in his History that Wallace did not place very 
high value upon the above work. " He said the MS. of a work to 
which he had devoted twenty yesirs of his life was destroyed by fire, 
and be thought that but for that accident ho would have left something 
worthy of remembrance." 

As a teacher Wallace was in some respects the opposite of Blackburn. 
The latter was somewhat hot-tempered, but Wallace was .-v patient and 
laborious teacher, who loved his art. " No obtuseness of perception, 
no degree of stolidity could provoke him to ill-temper." Upon leaving 
the college he retired to a small farm near Columbia, where he died in 
1851. 

After the departure of Wallace, Lewis R. Gibbs held a temporary ap- 
pointment for one year, or part of one. In 1 835 Thomas S. Twiss was 
appointed. He occupied the chair for eleven years. He was born in 
Troy, N. Y,, graduated at West Point, and, before his election, was 
teaching a classical school at Augnsta, Ga. Ho was remarkable for in- 
dustry, punctuality, and " watching and waiting " to catch studeuts in 
mischief. He enjoyed the reputation ofarraigniug more oOenders than 




■ The material for thta Bketch was kindly furutahed as b; Prof. E. W. Davla, pro- 
fuaor of matbematicB and aatroaomy at the univeiaitf. 
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any otber two members of tlie facalty. Upon leaving the college he 
came preaideut of some iron works in the Upartanburgdielrict. Froi 
here he returueil to his old home in New York. 

The next mathematical profesEor, Matthew J. Williams, was likewise 
a West Point graduate (class of 1821). He was a native of Georgia, 
nod had an early beat for arithmetic. At the Military Academy he was 
one of foar to attain a maximum mark in mathematics. In I82S he was 
stationed at Old Point Comfort, Va., then at Fort Howard, Wis. He 
rosigDcd from the Army in 18:^3, and studied law in St. Lonis. He prac- 
ticed law in Georgia until 1835, when he received an appointment to the 
South Carolina Conference of the Metliodist Episcopal Church, at Cokes- 
bury, Abbeville County. Thence he was called to the South Carolina 
College. He resigned in 1353 on account of severe disease. His health 
failed during his last year at West Point, and he seems to have had a 
constant strnggle with sickness from that time on. As a teacher, he 
was '* zealous, indnstrious, and thorough," His enthasiaem knew uo 
tMDuds. He was esteemed as a scholar, a man, and a Christian. When 
\a» health began to decline and there was fear he would have to give up 
hiiwork, the president of the college wrote in his report to the tmstees: 
'■lean not express to you how much I value his services in the depart- 
omt which he fills, and I should regard it as a most deplorable calamity 
to the college to be deprived of his labors." 

His successor, Charles F. McCay, a Pennaylvanian, was, at the time 
of his election, a professor at the University of Georgia, and a colleague 
»f John and Joseph Le Oonte. He wag elected president of the South 
Oarolina College in 1355, In an attenapt to act as a " go-between " in a 
diaagreemeot between faculty and students, he incurred the displeasure 
of both partii-s. After his resignation he wont into business, and is now 
actuary of an insurance company ia Baltimore. From what we caaj 
learn, he was a man of ability and a good teacher, ' 

From 1857 to 1862 Charles 3. Venable filled the Chair of mathematiCB. 
Since the War he has been for nearly a quarter of a century prof6>sor 
ll tbe University of Virgioia, aud has established for himself a lasting 
npotstion as a teacher of mathematics. While professor at Colombia, 
be was, ae yet, a young man, and was not so popular as a teacher. 

We proceed to give the courses of study for the period preceding the 
War, In 183C the terms for admission were, "arithroetic, including 
fractions and the extraction of roots.'' In 1848 was added, " algebra to 
'^nations of the tirst degree." In 1851 Davies* Bourdon was the algebra 
need. In 1853 tbe whole of Bourdon's Algebra was required for en- 
U«Dce. This retiatsition appears to have been excessive, and in 1859 it 
vu reduced to "Bourdon's Algebra to Chapter IX" (thus omitting the 
general theory of eqaations and Sturm's theorem), or " Loomia's Algebra 
to Section XVU" (omitting permutations, combinations, series, loga- 
rithms, and general theory of equations). The catalogues, from 1857 to 
LS62, contain this: "Athorough knowledge of arithmetic being essential 
881— No. 3 U 



I 



I 



210 TEACHING AND HISTOBY OF MATHEMATICS. 

to snccesB in all clasaes of the college, applicants mast be prepazed for 
a fall and searching esamiDatJon in this stndy." 

In 1836 the course of study was as follows: 

^'Fretkman year : Bourdon's Algebra to ecjoations of tlie third degree, 
ratios and proportioos, sanimation of lulluite series, nature aDd oon- 
BtrnctioQ of logarithms, Legcndre's plane geometry. Sophomore j/sar : 
Legendre'a solid geometry, constructions of determinate geometrical 
equations, Davies' mensuration and sarveyiog, including methods of 
plotting and calculating surveys, measarementof heights aod distanoes, 
and use of instmments ia surveying. Junior year : DescriptJTe geom- 
etry and conic sections, principles of perspective, analytic geometry, 
fluxions — direct and inverse methods in their application to maxima, 
minima, quadrature, cubature, (^tc. Senior year: Natural philosophy 
and astronomy. 

"There shall be daily recitations of each class, one after moroiiig 
prayers, one at 11 A. a., one at 4 p. M. On Saturday morning there 
shall be one recitation." 

In the introduction of descriptive geometry into the course, we no- 
tice West Point influences. The *' fluxions" above mentioned moat 
mean "differential and integral calculus." Mr. Twiss, the profesaorat 
this time, was a graduate of the Military Academy at West Point, and 
was not likely to teach flnxions and the Newtonian notation. 

In 1S38 the Freshmen finished the whole, both of algebra and geODi' 
etiy; the Sophomores had plane and spherical trigonometry in i>lace(if 
solid geometry. 

InlMlDavies' Calcnins ivas studied in the Junior year. Three yean 
later, the Sophomores were taught from Davies' works on MensuraliOQ 
and Surveying, Analytical Geoinetry,and Descriptive Geometry. In 1848 
(H.J. Williams, professor) Loomis's Oouic Sections were stadied. Da- 
scriptive geometry and calculus were taught by lectures. After complet- 
ing the caicnlus, in the Junior year, Olmsted's Mechanical Philosophy 
was taken up. The Seniors had courses in astronomy and (Mahan's) 
civil engineering. Owing to a rise in the terms for admitsioa Bourdon's 
algebra was omitted in the first year, the studies for the other classes 
remaining the same. In 1854 descriptive geometry was thrown ont 
of the oourae. Professor McCay was not a West Point graduate, and 
attached, probably, less importance to this branch. In 1857 spherical 
geometry was transferred from the second to the third year. 

In 1858 the Freshmen studied geometry (Legendre), reviewed algebra 
(applications of algebra to geometry); the Sophomores, mensuration, 
surveying and leveling, conic sections (Loomis), mechanics (gravity, 
laws of motion) ; the Juniors had lectures on calculns, spherical tiigo- 
DOmetry, mechanical philosophy (Olmsted) ; the Seniors, astronomy, 
civil engineering, natural philosophy (Olmsted), 

In 1860 Professor Venable introduced at the end of the first year 
theoretical arithmetic, using his own edition ot Bourdon. He used ft 
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Loomifi's Geometry in place of Legendre. In 1861 Loomis'e Geometry ia 
mentiotied, "witli original problems." Algebra was reviewed ami ap- 
plied to "geometrical problems." We judge tbat extra eEforts were 
made by Profeasor Veuable t6 improve on tbe traditional metbods of 
teaobing, by reqniring tbe etadent to do a great deal of original work 
in tbe line of eolving problema. 

In 18113 tbe bnildinga of tbe college " were taken possession of by tbe 
Ooufeiierat© Government, and used as a bospital until tbe close of the 
War." Its charter was amended by tbe Legislature in 1865, and in the 
following year it was re-opened as the University of South Carolina. 

The mathematical chair was given to E. P. Alexander, a graduate of 
West Point and a man of great ability. During tlio War be was a Con- 
federate brigadier, distinguished binj^elf at Gettysburg, and introduced 
"signalling" into the Confederate army. As a teacher he was much 
liked. He was very practical and to the point in bis methods and illus- 
trations. Since leaving tbe college, ho has been oonneoted with rail- 
roads, either as president or otherwise. 

Prof. T. B. Hart, a graduate of Heidelberg, taught matbematics from 
1870 to 1872. He was then and is now iu very poor health, sntfering 
from paralysis. While he was professor his classes had often to go to his 
house for recitation. 

From 1S73 to 1876 A. W. Gummings held the matbematical chair. At 
this time tbe college passed through tbe darkest period of its history. 
Tbeae were the onfortunate years of " reconstruction." iu additioD,to 
the namerons obstacles which American colleges generally have had to 
encounter, tbecollegeaiu tbe South bavebad to contend with great polit- 
ical upheavals. Like tbe University of North Carolina, the University 
of South Carolina closed it« doors. From 1876 to 1880'the institatioa 
waa without faculty and without students. 

When tbe institution opened, in 18116, its course of Study was remod- 
eled. In this reorganization tbe plan of the University of Virginia 
was followed. In tbe prospectus we read that "tbe university oousists 
of eight schools;" tbat students are allowed to oboose the departments 
which they wish to pursue, provided they enter at least three schools. 
Id certain cases, however, students will bo allowed to enter less than 
three schools." 

Tbe prospectus continues, as follows : "During tbe present year there 
will be no examinutions or other r(>quiroments for admission, except 
that the applicant must be at least fifteen years of age ; but in order to 
ensure uniformity of preparation in certain departments, a preparatory 
course has been prescribed, and after this year applicants (under eight- 
een years of age) will be required to bring a satisfactory certi&cate of 
proficiency, or to stand an examination. For applicants over eighteen 
years of age, no examination or certificate will be required during the 
next year." 
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" Ib all tlie different schools the method of iuatruotioii is by meaua of 
lectures aud the stndy of text-books, a<icompaDied in either case by rigid 
daily examiiiationa." 

In the "acbool of mathematics, and civil and military engineering 
and construction," the requirements for admission were ; "Aiithmetio 
iu all its branches, including the extraction of square and cube roots;" 
"algebra, through equations of the second degree." 

From 1S07 to ISTli the terms were as above, together with "a knowl' 
edge of the first four books of geometry," which, "though not iadia- 
pensable, ia very desirable." 

In 1872 the management of the university fell nnder the BeconatnW' 
tion administratiou ; negroes were admitted, and a four years' prepan^ 
tory coarse was given. The cataljgne of 1872-73 says : 

" In arithmetic, attention should be paid to all the rules and calcula- 
tions nsnally given in written aiithmetic, and too much importance can 
not be paid to a thorough preliminaty drill in mental arithmetic." 

In the "college of literature, science, and the arts," the requirements 
are, in addition, for the daasical course, "algebra, as far as equations of 
the second degree," and it is " recommended that they also master tlie 
first four books in Davies' Legendre, or the equivalent ;" for the Boien* 
tific course, "algebra, up to radical quantities." 

In the catalogue for 1876, the requirements were " the whole of aritli- 
metic," and " algebra as far as equations of the second degree." 

The course of study in mathematics was, iu 1806, algebra from equa- 
tions of the second degree to general theory of equations and loga- 
rithms, geometry, plane and spherical trigonometry, surveying and the 
use of instruments, in the first year; in the second year, descriptive 
geometry, analytical geometry, calculus, mathematical drawing. Text- 
books : Loomis's books on algebra and geometry, Davies' Shades, Shad- 
ows, aud Perspective, Church's Analytical Geometry and tjalculns. 
In the "department of mechanical philosophy and astronomy," Prol 
John Le Conte's Mechanics was taught, also Olmsted's Astronomy, 
with Herschel'a Ontlines and Norton's Astronomy for reference. In 
1867 Loomis's Astronomy was nse.d, as well as bis series of mathemati- 
cal text-books from his Algebra to his Calculus. In 1870 everything 
is the same as given above, escept that mechanical philosophy and 
astronomy were temporarily taught by the professor of mathematioa. 

In 1872 Robinson's University Algebra and Loomis's Geometry were 
studied in the first year; Robinson's Trigonometry, Mensuration, Sur- 
Teying, and Spherical Trigonometry iu the seeoud yeiir; Robinson's 
Analytical Geometry and Conic Sections the third year. Later on 
Ficklin's Algebra was introduced. 

" In 1870 the trustees of the university were empowered by act of 
the General Assembly to establish a College of Agriculture and Me- 
chanics at Columbia, and to use the property and grounds of the col- 
lege for this purpose. This was accordingly done in 1880." 
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" In ISSl tlie Legislature granted an annnal appropriation for tlie 
sopport of the schools of the university, and in 1S82 the South Caro- 
liua College was reorganized b.v the appointment of a full faculty. It 
went into active operation the fall of the same year." J 

From 18S3 to 1S8S Benjamin Sloan vrns tbe professor of mathematicai!a 
At present he is professor of physics and civil engineering. He is a 
Sooth Carolinian, graduated at West Point in 1860, served in New 
Mexico before the War, and then enteretl into the Confederate service. 
The story goes that when he entered upon the duties of his chair at the 
colleee, he ordered a bookseller to get Courtenay's Calculus. "Calcu- 
Ins I " replied the bookseller, "what are yon going to do with it?" 
" Teach it," was the reply. " You can't do that, no South Carolina boy 
ever studies calculus." Though this be merely tbe opinion of a jovial 
bookseller, it is, we fear, not without some truth when applied to the ten 
years preceding the reorganization and re-opening of the college in 1882. 
For four years it was under Reconstruction rule, and for six years its, 
doors were closed to students. 

Professor Sloan is a first-class teacher. He requires a great deal otl 
original work of students, and inspires considerable enthusiasm. M 
his manner he is very quiet and easy. Among the students he U|'' 
liked and popular. 

In 1888 Dr. E. W. Davis was elected to the mathematical chair. He 
gradoated at the University of W*isconsin in 1S79, and after spending 
some time at the Washington Astronomical Observatory, went to the 
Johns Hopkins University, where for four years he studied mathe- 
matics nnder Professor Sylvester and his associates. As a subsidiary 
study Davis pursued physics under Professor Hastings. At this great 
university he soon caught the spirit and enthusiasm which is so con- 
tagious there. His mind was chiefly bent toward geometrical studies, 
and the papers from his pen, which are published in the Johns Hop- 
kins University Circulars and the American Journal of Mathematics 
are evidences of his power as an original investigator. Before Ms ap- 
pointment to his present position he was professor of mathematics for 
four years at the Florida Agricultural OoUege in Lake City. In his 
teaching Professor Davis possesses great power iii causing stadontfl to 
think. He is a bold advocate of greater freedom from formalism in 
mathematical instruction. 

The terms for admission on the re-opening of the institutloQ were, in 
mathematics, arithmetic, and algebra through otiuations of the first 
degree. Kadtcals were added in 1SS3. In 1^84 the terms were, arith- 
medc, and algebra to equations of the second dogree. No additions 
have been made since. 

Tbe mathematical course in IS&3 consisted, in the first year, in the 

study of Hewcomb's Algebra, Chanvenet's Geometry (six books) ; iu 

the second year, in the study of Newcomb's Plane iind Spherical Trig- 

giaaometry, Fackle's Conic Sections ; in the third yeai ,. iu the farther study 
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of conio sectious (Pucklc, OIney), and calculus (Olney, Todhanter). In 
applied mathematics courses were ^iven in the second year on survey* 
ing (Gillespie) and drawing, Pock's ]Mecbanics, Wood's Strength and 
Resistance of Materials, and Walton's Problems in Blementary Me- 
chanics, astronomy (Loomis, Newcomb, and Holden), and Mahan's Civil 
Engineering. In 1S84: Warren became the text-book in descriptive 
geometry. In 1885 Taylor's Calculus was introduced; in 1886 Watson's 
Descriptive Geometry and Merrimau's Least Squares } in 1887 New- 
comb's Analytic Geometry. 

The mathematical text-books for 1888 are, in the first year,Todhan- 
ter's Algebra for Beginners, Byerly's Chauvenet's Geometry; in the sec- 
ond year, Blaklie's Plane and Spherical Trigonometry, Peiroe's Tables; 
in the third year, Taylor's Calculus, Church's Descriptive Gteometry; in 
the fourth year, Newcomb and Ilolden's Shorter Course in Astronomy. 

This year (1888-89) a graduate department has been added. In 
mathematics it offers the following branches: Algebra (theory of equa- 
tions, theory of determinants, etc.), geometry (projective geometiy, 
higher plane curves, etc.), calculus (<lilferential equations and finite 
differences), elliptic function.;, astronomy, and quaternions. 

UNIVERSITr OF ALABAMA.* 

The University of Alabama was opened in 1831, with Oardon SaKon- 
stall in charge of the mathematical teaching. Two years later Williim 
W. Hudson became professor of mathematics, and held the position until 
1837, when Frederick Augustus Porter Barnard became connected with 
the institution, and had charge of the mathematical department till 
1849. The wonderful activity of this powerful man in the rarions de- 
partments of science gave a great stimulus to higher education in the 
State. He had previously been tutor at his alma mater^ Yale. In 1819 
he assumed the duties of the chair of chemistry at the Univeraitjof 
Alabama. While connected with the institution as professor of mathe- 
matics and natural philosophy he wrote and published an arithmetiOi 
which came for a time into pretty general use in Alabama. In 18i6be 
was appointed astronomer by the State, to settle a boundary dispute 
between Alabama and Florida. Be was appointed astronomer for the 
State of Florida also, so that he represented both States in the settle- 
ment of the dispute. Professor Barnard was always fond of mathe* 
matics. He has written a number of valuable articles on mathematical 
subjects for Johnson's New Universal Cyclopaedia. 

By old students Professor Barnard is always spoken of in most land* 
able terms. Says Dr. B. Manly : " To mo the study of physics, astronomy, 
etc., under Prof. F. A. P. Barnard, • • • and of chemistry and 
kindred sciences under Prof. B. H. Bramby, long deceased, were the 

'Nearly all the material for this article was oont us by Prof. T. W. Palmer, pn»* 
feasor of mathematics at the university. 
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moat attractife parte of my college course." Mr. John A. Foster, uow 
cliaucellor of the sou tb -eastern chancery divtsioa of Alabama, w&s a 
Btnilent and tlmo a tutor of matliematica at tbe university in the time 
that Barnard tiiught there. He says ; 

"1 entered the Sopiiomore cluBS of the University of Alabamft at 
Tuscaloosa iu the autumn of 18U, aDd received toy diploma in Au^Bt, 
1847, in a class of eighteen. During my college course Prof. F. A. P. 
Baroard was the prot'esaor of mathematics and John O. Barr was the 
asBistant professor of mathematics. Dr. Barnard afterward became 
the president of the University of Mississippi, and iu ISUl, being a 
Union man, resigned and went Korth, where be was for some time 
engaged in tbo scientific department of the Ooverniueiit, and afterward 
was president of Columbia College in the city of Hew York. A very 
short time ago 1 observed that he has retired from this work. 

" Professor Barnard was not less distinguished as a scientist than as 
a mathematician. His reputation is world wide. I was a great friend 
of bis, and up to 1858 I was a constant correspondent with him. I need 
hardly say that his instruction was thorough and far in advance of the 
methods which prevailed at that time. There has never been a better 
teacher of mathematics, and those no-w living still claim that the country 
is but DOW getting to the methods of teaching practiced by bim more 
than forty years ago. Withal, be was a warm aud generous friend, and 
was very popular with those who were his pupils. Daring the summer 
of 1844 or 1S45 he went to Europe aod spent some time in France, and 
on bis ri'tuni to tbe university he brongbt with him the newly discovered 
Daguerrean process, aud took pictures experimentally before bis class. 
Ho waa hard of bearing and had a deep guttural voice, but no one had 
a happier faculty of making himself clearly understood. lie married 
an English lady white I was bis pnpil. 

" Capt. John G. Barr, the assistaut professor, was worthy to oocnpy 
the position as second to this distingnished man. In 1847 he raised a 
oompany and went to tbe Mexican War, where he served with distinc- 
tiou until its close. Soon after be was appointed to a diplomatic posi- 
tion by tbe United States Governmeut, and died at sea when on his way 
oat to assnme the duties of his official station. He was an able and 
successful teacher of mathematics." 

Mr. Foster engaged in educational work till 1859 (being for some 
years president of a college in ha Grange, Ga.), when he went to the 
practice of law. 

The mathematical teaching at the university for the three years suc- 
ceeding 1849 was in the hands of Prof. Landon Cabell Garland, now 
the honored chancellor and professor of natural philosophy and astron- 
omy of Vanderbilt University. His successors as instructors of mathe- 
matics at the University of Alabama, before the War, were Profs. 
G«orge Beuagh (1852-00), Kobert Kennon Hargrove (1855-57), Jamea 
Xtllurfee (1860-61), and William Jones Vaughu (1863-65). 
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Prof. E. K. Hargrove, after teacliiug mathematics for two years, 
joined the ministry of the M. E. OliuruU South, and, a few years ago, 
was elected bishop by the general coufereuce which met at Nashville, 
Tean. 

The terms for admission to the university wore, 1S33-5G, aritbrnetic; 
1857-59, arithmetic, and algebra through equations of the second de- 
gree; 18fiO-C2, arithmetic, aud algebra to equations of the firet degree; 
the records for the next three years are lost. 

Down to IS52 the professor of mathematics was at the same time pro- 
fessor of physics, according to the usnal custom iu American colleges 
at that day. In 1S33 the Freshman class completed algebra (Oolbnni) 
Lacrois] and commenced geometry (Farrar'a Legendre) ; the Sophomore 
class stndied geometry, trigonometry, and conic sections. The Junior 
and Senior classes were taught mechanics, statics, heat, light, elec- 
tricity, etc. The books used were the Cambridge Mathematics of Pro- 
fessor Farrar. This course continued without change until 18^2, when 
surveying, mensuration, etc., were made an important part of the Sopho- 
more work. In 1843 Davies' text-books were adopted. In 184.'i Peirctfs 
Algebra was introduced, but after t wo years it was displaced by Daviee'. 
Id 1849 the calculus was added to the Junior course. The test used 
was Church's until 1855, when Loomia's was adopted. From 1860 to 
1865 the records are so incomplete that it is impossible to state whether 
or not any changes were made during that time. 

Before the War, the university Tvas prospering. ''In the Junior and 
Senior classes," says Mr. Foster [class of 1847), "much attention waa 
given to applied mathematics. Physics, astronomy, surveying, and 
navigation were taught. The university was but a college with a fine 
corps of professors, aud presented advantages offered by very few other 
institutions of learning at that time." 

The War naturally interfered with the successfnl working of the uni- 
versity. Iu 1SC5 the university buildings were destroyed by fire, and 
the institution was not opened again until 1869. The condition of the 
country at that time was not favorable for the advancement of educa- 
tion. In recent years, however, decided and encouraging progress has 
been made. A thrill of aspiration and enthusiasm has been mnning 
through Southern colleges. 

The first year after the re-opening Prof. N. E. Chambliss taught the 
mathematics ; the nest year. Prof. J, D, F. Eichards ; and the year fol- 
lowing, Prof. Hampton 3. Whitfield, and the fourth year Prof. David 
L. Peck. In 1872-73 Prof. W.J. V'aughn held the mathematical chair; 
and from 1873 to 1878 Prof. H. S. Whitheld again. In 1S7S Professor 
Vaughn assumed the duties of this chair for the third time, and dis- 
charged them for four years. Since 1S82 Prof. Thomas Waverly Palmer 
has filled the chair and taught witli marked success. 

Vaughn is now professor of mathematics at Vanderbilt University. 
" Though he has never written text-books," says Professor Palmer, "bUU 
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he is jostly regarded as one of the ablest mathematidanB in our Ameri- 
can coUeses." Prof. J. K. Powers, president of the Alabama State 
Kormal Sohooly who studied at the university from 1871 to 1873, says 
that he had completed the course in pure mathematics before going there, 
and that he took applied mathematics there. '<Pro£ Wm. J. Vaughn 
at that time filled the chair of applied mathematics. He was (and is) 
an accomplished mathematician, an attractive instructor, a fine general 
sdiolar, anda charming gentleman. At that time the chair of pure 
mathematics was filled by Prof. D. L. Peck and Prof. H. S. Whitfield. 
I Jmew nothing of their methods, hnt pure mathematics was not popular 
in those days. In after years, when Prof. Vaughn assumed control of 
Oiat workf no department of the university was more popular." 

Of Professor Palmer, Ohester Harding (class of '84, now a cadet at the 
U. S. Military Academy at West Point) says : ^< This gentleman, a grad- 
uate of the class of '81 of the university, had so satisfactorily filled the 
forition of assistant professor during the preceding term, that his elec- 
tioii was secured, as young as he was, against the claims of other appli- 
•Mts of extensive experience, reputation, and influence." 
Iiom 1869 to 1871 only the elements of arithmetic were required for 
uon. During the next two years, algebra to equations of the 
degree was added. In 1873 the requirements were reduced to 
No change was made until 1878, when algebra through 
qoations of the second degree was required. Gradual changes have 
been made every year since, and now the whole of algebra and three 
■^fiokB of geometry are required. 

The catalogue for 1887-88 states that the candidate for admission 
[hniBt pass a satisfactory examination in arithmetic, in algebra through 
letical and geometrical progression, and in the first two books of 
The examination in arithmetic will include the whole sub- 
;aB embraced in such works as White's, Robinson's, Ooff's, Greenleafs, 
Baadford's higher arithmetic. In algebra, particular stress will be 
upon the use of parentheses, factoring, highest common factor, 
common multiple, simple and complex fhtctions, simple equa- 
iwith one or more unknown quantities, involution, evolution, theory 
^eiponents, radicals (including rationalization, imaginary quantities, 
ies of qnadratic surds, square root of a binomial surd, and solu- 
of equations containing radicals), qnadratic equations, equations 
the quadratic form^ simultaneous quadratic equations, ratio and pro- 
Son, arithmetical and geometrical progression." 
In 1874 the calculus was dropped from the university course, but was 

iooed again in 1878. 

In 1881 there was a reorganization of the courses of study. Two 

of mathematics were arranged, one for classical and scientific 

it8| and one for engineering students. The course for classical or 

Ic stndents embraced algebra, geometry, plane and spherical 

', and analytic geometry. These subjects were completed 
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in the Sopbomoro class. Since 1881 no changes have been made in tihe 
classical and scientific courses. 

The engineering course embraced all subjects that were taught in the 
classical and scicjtiHc, but to the Sophomore work was added descrip- 
tive geometry, and to the Junior class calculus. This oonrse has been 
modified since. At present it consists of higher algebra and geometry 
for the Freshmen ; plane and spherical trigonometry, analytical geom- 
etry, descriptive geometry, theory of equations, for the Sophomores; 
calculus, determinants, and quaternions for the Juniors. 

Determinants and quaternions, which are regularly in the ooorse since 
1887, have been taught irregularly for several years. Quaternions are, 
according to catalogue, now taught in the third term of the Sophomore 
year, before the completion of analytic geometry. This is a somewhat 
new departure in the arrangement of mathematical studies, and one 
which is worthy of respectable and thoughtful consideration* 

As to text- books, in 1871 Da vies' Algebra and Geometry were used; 
also Church's Analytic Qeometry and Calculus. In 1872 and 1873 the 
books were Robinson's Algebra and Geometry, and Loomis's Trigo- 
nometry and Analytic Geometry. In 1878 Peck's Analytic Geometry 
and Calculus were introduced. The books used at present are Weli^ 
Algebra, Wentworth's Geometry, Trigonometry, and Analytic Qeom- 
etry, Bowser's Analytic Geometry, Taylor's Calculus, Ohnroh's Deaoiip- 
tive Geometry, Peck's Determinants, and Todhnnter's Theory of EqBS> 
tions. 

Cadet Chester Harding, who was a student at the University o! 
Alabama from 1881 to 1884, gives the following reminiscenoes of the 
mathematical teaching there : *^ The training in mathematics was more 
extensive in scope and thoroughness in the engineering course than in 
the others, including in that course the elementary principles of de- 
scriptive geometry and calculus, while in the others the instraotioD 
ceased with the study of the conic sections and surfaces of the seoond 
order in analytical geometry. 

*' I chose the engineering course and began my instmctiona in the 
department of mathematics with trigonometry under Prof. W.J. YaoghDi 
who now fills the chair of mathematics at Vanderbilt University. Oar 
text-book was Wheeler's Trigonometry. The trigonometric fonotioDS 
were taught as- ratios, and stress was laid upon the circular system of 
measuring angles. • • • 

^' Analytical geometry came next, and our text-book was Professor 
Wood's Elements of Co-ordinate Geometry. Of the class of thirty in 
this branch, all were beginners but two or three who had been required 
to repeat the course because of their deficiency in the preceding year. 
Our progress was therefore slow at first, and much time was spent by 
the professor in explanations and illustrations. I see the first lessons 
still marked in the text-book I have before me now, and some were bat 
two and a half of the quarto pages. These, howeveri were expected to 
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be tUorongbly mastered, aud mauy pains were taken to have the prin- 
ciples well al)sorbed hy the stndents. Mere exercise of memory was 
little soiiglit. liter in tbo matliematicnl departnieiit, and any originality 
oD the part of a student in the deduction or application of a principle 
was highly coiumeudet). 

'*ThB GourKe in auulytical geonifttry closed with the end of the aes- 
ston, at which time a satisfactory written examination in the study was 
required of every member of the olnsg, lu the scientific aud classical 
courses, matbematies terminated with the Sophomore year. In the 
Junior year ibe students of the engineering course, however, took np 
the study of calctiJua. 

"At the end of my Sophomore year Professor Vaughn resijrned his 
chair at the University of Abtbama to accept a similar position at 
Yanderbilt. • • • 

" In my Junior year the schedule of studies was so arranged that bot 
three hours a week were devoted by my class to mutheoiatics. This 
limited time permitted ns to complete but one texM>ook, Prof. W. G. 
Pevk^s Elements of the Differential and Integral Calculus. From this 
t«xt, however, wo derived a knowledge of the practical utility of calca- 
tn6,and became familiarized with the rules of differentiatiou aud integro- 
tioQ. I can hardly say that we acquired a more thorough knowledge 
than this ; aud indeed it seemed, frum the time assigned to the study, 
to be without the purpose of the fecolty that more than a groundwork 
should be acquired, for practical good in the understanding of the ap- 
plications of calculus to mechanics aud engineering. During my Jun- 
ior year we also studied under Prof. R. A. Hardaway, in the depart- 
ment of engineering, the elements of descriptive geometry, using as a 
text- book Binn's Elements of Orthographic Projection. 

" With the close of the Junior year the regular course iu pure mal 
matios was ended." 

As regards the conditions for graduation which have existed at vari' 
ODB times, Professor Palmer says : "As a rule mathematics was required 
of every student for graduation, from 1831 to 18C5. After the reorgani- 
zatioD in 1SC9, mathemaiicswas also required until 1S7^, vheu the elec- 
tive system was adopted ; it was entirely optional with the student then 
ontil 1880, when every student was required to take this subject through 
analytic geometry." 

At present there are no electives, and all the mathematics iu each 
wnrse is required for adegree iu that coarse. 

UNrVEESITT OF MISSISSIPPI. 

The educational record of Mississippi in the early period of her organ- 
iied existence is quit« honorable. Between 1798 and 1348 there had 
been established ouo hundred and ten institutions, nnder the various 
, nunes of nnivcrsities, colleges, academies, aud schools. Thia proves 
that an entire oblivionsneaB to the educational wants of the peo|>:e did ■ 
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not prevail. Oar gratification isnltated, however, by the considerstion 
that these orgauizatious proved inefficient, and that there was leall; 
but very little beneficial progress. 

In 1S4S was organized upou a firmer fonndation the University of 
Mississippi. Considering the many difaculties that were encountered, 
the record of the university during its infant years before the War was 
honorable. Two names, both well known to the ednoational public, 
devoted their energies to promote its early growth — F. A. P. Barnard, 
now president of Oolnmbia C!(jllege, and A. T, Bledsoe, afterward pro- 
fessor at the V niversity of Virginia and, still later, editor of the South- 
ern Methodist Eeview. 

From the beginning until 1854, Albert Taylor Bledsoe was professor 
of pure and applied mathematics, and astronomy. The mathematical 
requirements for admission were, at first, a knowledge of arithmetic 
The catalogue of 1857-58 says : " Arithmetic — especially the subject of 
fractiona, vulgar and decimal, proportion, and the extraction of roots;" 
the catalogue for 1859-60 adds to this, "algebra aa far as simple eqna- 
tions." In the former catalogue we read also, " that, hereafter, no 
Btndent will be admitted to any class in the university who shall fail to 
pass au entirely satisfactory examination on the subjects or authors re- 
quired for admission to the class." 

According to the catalogue of 1854, the Freskmeji stndied DaTierf 
University Arithmetic, Davie-s' Bourdon, and -Davies' Legendre j the 
Sophomores continued Davies' Bourdon and Legendre, and then took op 
Plane and Spherical Trigonometry and Surveying ; the Juniors studied 
Descriptive Geometry, Shades and Shadows and Perspective, Davierf 
Analytical Geometry, and Descriptive Astronomy ; the Seniors, Davies' 
Differential and Integral Calculus, and physical astronomy. In the 
introduction into the course of descriptive geometry, in the use through- 
out of Davies' text-books, and in the apparent thoroughness (for that 
time) of the mathematical course, Tve observe the influence of the U. 8. 
Military Academy, through Professor Bledsoe, a West Point graduate. 

When Bledsoe resigned to accept a professorship at the University 
of Virginia, Frederick Augustus Porter Barnard, a young man of re- 
markable mathematical talents, took his place. Barnard was a native of 
Massachusetts and entered Tale college in 1824. Before admittance to 
college he had given no time to mathematical study beyond the ele- 
ments of arithmetic, but in college he began to exhibit decided mathe- 
matical talent and taste. His tutor, W. £1. Holland, later professor of 
mathematics in Trinity College, Hartford, said of him : " I have never 
known any person except the late lamented Professor Fisher, who pos- 
sessed 80 extraordinary natural aptitude." After graduation he was, 
for a time, tutor at Yale, then professor at the University of Alabama, 
and, in 1854, became Bledsoe's successor at the University of Missis- 
sippi. At the meeting of the board of trustees, in July, 1S5G, the chair 
of pore aad applied matheiaatics and astronomy was divided into t| 
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the chair of pure mathematica, and the chair of natural science, civil 
eDgineering, anil astronomy. Professor Barniird held the latter, thoagh 
he continued to exercise sapervision over the former, and was also 
elected president of the nniversity. He filled these olSces until the 
suspension of the exercises of the university, in 1861. 

From 1856 to 1861 Jordan McCallogh PUippa was teacher of mathe- 
matics — at first adjunct professor, afterward full professor. Daniel B. 
Carr was tutor. The department of mathematics, physics, and engi- 
neering seems to have been the strongest at the institntion. In conse- 
quence of frequent complaint that the general statement previously 
presented in the annual catalogues of the university had been unsat- 
isfactory, a complete account of expenses and of the courses of instruc- 
tion was given in the catalogues issued at this time. From t^e one of 
1857-58 we quote the following: 

<' Instruction in pure mathematics commences with the begmning of 
the Freshman year, and is continued till the close of the ijophomore. 
In order to secure greater efficiency of instruction, the class will be di- 
vided into sections, which will be met by the instructor separately; 
and all operations in this and every other branch of mathematical sci- 
ence will be actually performed by the stndent in his presence, upon 
large wall-slates or blackboards. The instrnctor will also avail himself 
of the same means of illustrating processes, or principles, and explain- 
ing difliculties. 

" The first subject attended to is algebra. It will be the instructor's 
endeavor to secure a thorough acquaintance with the elementary prin- 
ciples of the science, and a perfect familiarity with its practical opera- 
tions. The subject of fractions will be especially dwelt on, after which 
will follow the resolution of simple equations, numerical and literal, in- 
volving one or more unknown quantities. In taking up, nest in order, 
quadratic equations, the first object will be to secure on the part of the 
student a perfect understanding of the form of the binomial square; 
and this will be afterward applied to the completion of imperfect 
squares, in the several cases in whicb one of the terms of the root is a 
number, or a letter, or a numerical or literal fraction. The method be- 
ing generalized, will then be applied to the reduction of abstract equa- 
tions, and the statement and resolution of problems involving quad- 
ratics. Where the equation is denominate, the student, will be re- 
quired to interpret the result, to explain the ambiguous sign, and to 
distinguish eases in which the conditions of the problem involve an im- 
possibility. • • • 

" The subject of algebra will be completed by the discussion of the 
general theory of equations, their formation, their solution, and their 
properties, including in the course the ingenious theorem of Sturm. 

" In all ])art8 of this subject, encooragement will be held out to stu- 
dents to exercise their ingenuity iu devising various modes of, arriving 
bAC the same results ; and special merit will be attached to the processes 
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whicli are the most succinct or elegant. Aa a stimalas to this Ri)eoie8 
of ingeiinity, problems not embraced in the text- book may from time to 
tlmo be proiioseil by tie inatrnctor ; and varieties iu the mode of state- 
ment both of these and of those which occur in the regular course, will 
be called for from any who may choose to present them. 

"Geometry, plane, solid, and spherical, will occnpy the latter portion 
of the Freshmau year. In this branch of science all dcmonstmtiona wjll 
be made from fignres drawn upon the blacltboards, or wall-slates, by 
the student reciting, and promptness and accuracy in this part of tbe 
business wilt be urgently inculcEited and regarded as a merit. The 
atndent will, moreover, bo advised to avoid a servile imitation of tbe 
exact forms of the diagrams giTen in the test-book, and will hsTe his 
ingenuity csercised either iu forming other figures to illustrate the sane 
propositions, or in demonstrating the propositions from figures con- 
structed for him. He will also be required to adopt a mode of lettering 
his figures different from that of the book-, or to give the demonstrations 
without the use of letters at all, by iK)tntiug to the parts of the figure 
suocessively referred to in the demonstration. 

*' It will always be regarded aa specially meritorious in a student to 
present a demonstration of any proposition founded on any legitimate 
method differing from that of the author; and the instructor will, him- 
self, from time to time, illustrate this ])rBctiee,by wayof awakeningtSe 
iugeuuity of the student. For the purpose of still further eucouragiDg 
originality of investi^'atiou, and exciting honorable emulation, the plan 
already described as to be pursued in algebra, will be contiuned here, 
of proi>ouudiug propositions not contained iu the text-book, of which 
demonstrations will be subsequently called for, and which will seotire 
special distinction to such as satisfactorily solve them." 

Equally full is the account of the mathematical work in tbe Sopho- 
more year. The studies for that year were plane and spherical trigo- 
nometry, mensuration, surveying, leveling, navigation, and analytlosl 
geometry. Considerable ileld-work was done iu surveying. The lev- 
eling rotJs employed had the common division to feet and fractions, and 
also the French metrical division. 

The catalogue then proceeds as follows: 

" The course of pare mathematics will coneludo with the subject of 
tbe differeutial and integral calculus, which will be taught at tbe end 
of the Sophomore or the beginning of the Junior year. This will em- 
brace the doctrine of functions, algebraic and trausceudental, the dif- 
ferentiation of functions, auccessive differentials, theorems of Taylor 
and Maclanrin, logarithmic series, the development of a ciroalar arc in 
terms of its functions, or of the functions iu terms of the arc, partial 
differentials, ditTerential equations of curves, principles of maxima and 
minima, expressions for tangents and normals, singular and mnltlple 
points, oacnlating circles, involutes and evolutes, transcendental ourveS] 



^^ and spirals ; the integration of regularly formed ditfeientials. iutagi^^ 
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fioB by series, integration of rational and irrational ftactiona, special 
methods of iotegratiou, the rectiflisation of curves, the quadrature of 
carves and cnrved surfaces, the cnbattire of solids, and the integration 
of differentials of two or more variables." 

lo uatural philosophy great efforta were made to ttecare a complete 
Bet of apparatus. In the catalogue for 1857-58 we read as foUowts 
'< It 18 probablo that, with the opening of the ensning session, the eletv 
trical apparatus of the University of Mississippi will bo superior to any 
similar collection in the United States." 

In astronomy the celestial motions were beaotifully represented by 
Barlow's magnificent planetarinm, eleven feet in diameter — "apiece 
of mechanism unrivaled in ingenuity, accuracy, and elegance." A port- 
able transit instrument was also avai lable for observatlonB of meridian 
paeeagcs, and a sextant and a prismatic reflecting circle fumislied means 
of making direct measnrementa of altitudes and arcs. The catalogue 
then says: 

"The course of civil engineering, distinctly so called, falls entirely 
within the Senior year ; bat it is in considerable part only a further 
development and application of principles embraced in the sciences of 
poie mathematics and physics previonsly taught. The course will em- 
bnoe geometrical and topographical drawing, the use of field instra- 
meats, such asthe engineer's transit, thegoniasmometerorpantometer, 
the leveling instrument, the theodolite, the sextant, the reficcting cir- 
cle, and the plane table, descriptive g:eometry, trigonometricnl survey- 
ing and geodesy, marine surveys, materials of structures, engineering 
statics, carpentry, masonry, bridge coostructiou, enrveya for location 
and construction of roads and railroads, laying out curves, staking out 
cuts and fills, hydraulic engineering, drainage, canals, locks, aqnteducts, 
dams, eea walls, river improvementSr and the dynamics and economy of 
transportation. • • " 

" Throngliout every part of the coarse, the student will be constantly 
encooraged aud stimulated to consult other authorities on the subjects 
taught, besides the text-books : and the instructors will often refer them 
OD special subjects, to such authorities. The following list embraces 
the text-books (first in order), and the authors to whom rtterence will 
most frequently be made : 

^^^ "Aloibra; Perkina, II aolcley, Peine. 

^^L Okomktry: PerkiDB, tnajrfnir (EuoUil), Poitoe. 

^^H Tkioonohetht -. Perkins, Hacklej, Peirce. 

^^H SuBVETiNO : Gilloapie, Davies, Oamtnere. 

^^V Akalvtical Qeometky : Dsviea, Peirce. 

^^^B Calcdll'3 : Davies, Peirce, Charch, Jepbson. 

^^1 Uatural I'hilosopht: Olin«toil, Bartlett, IVheirell, Brewster fOptiea), 

^^K Henoliel (Li^bt nod gounai, Peirce. 

^^K ASTKONOMY : OlmstcU, Guminere, Dartlett, Loomis. 

^^B Civil Englvgkhinc : MabBii, Moxelej', Wieaba«h, GiUQaiiie, llaapt, Buutno, 

^^^K Pambuur." 

^r !_ 



i 



[ 



224 TEACHING AND eiSTOBV 01'' MATHEMATICS. 

The conrses for the remaininc years before the War vere esaentially 
the Hame aa the one we have ilcscrihed. The constant use of the black- 
board is emphasized thronghoiit. -The fact that pains are taken to 
explain the term as meaning " large wall-slates" rather tends to show 
that blackboards were then a novelty in Mississippi. As far as wecan 
judge from the catalognee, the instrnction was methodical and of high 
efUctency. A serious drawback to high scholarship was found, no 
donbt, in the lach of preliminary culture and training in students enters 
ing the university. 

The attendance of stadcnts was good. The number of graduates fnn 
the department of arts from 1851 to 1851), inclusive, waa 268. Daring 
the last year before the War the number of students in the college wu 
191, of whom 10 were " irregular" in grade. 

Owing to the universal enlistment of males, even youths, in the Otn- 
federate States army, the university exercises were suspended iu 1861, 
until October 1SC5. In 1S65 Qeneral Claudius W. Sears, ex-brigadie^ 
general of the Confederate States army, and a graduate of West Pwu^ 
was elected professor of mathematics. This position he still holds. 

The mathematical requirements for entering were, in I86C, "arithme- 
tic and algebra, including equations of the hrst degree." The course 
of pure mathematics for the regular undergraduate cnrriculam waa 
completed at the end of the Sophomore year, and consisted of BoardOD'i 
Algebra, Legendre's Geometry, Trigonometry, Meusuiation, SurveyiDg, 
and Analytical Geometry. 

A more extended coarse than was required for the degree of bachelor 
of arts could be obtained in the department of applied mathematics and 
civil engineering, which was in charge of General F. A. Shoup, a grad- 
nate of West Point, and now of the University of the South. The | 
course of instruction in his department formed no necessary part of the 
ander-graduate course. It was designed to meet the wants of such 
stndents as intended to make civil eugineering or some other of the 
mechanic arts a profession. In this course analytical geometry and 
calculus were, of coarse, iudispensable, and they could be stndied 
while studeuts were pursuing their branches In the department proper. 
The course could be completed by an ordinary student who came fairly 
well prepared in preliminary branches in about two years. 

In 1S70 the plan of instruction in the university was altered so as to 
include (1) a department of preparatory education, (2) a department of 
science, literature, and arts (leading, respectively, to the degrees of B. 
A,, B. S., B. Ph., C. E.), and (3) a. department of professional education 
(law). 

The terms for admission into the bachelor of arts and bachelor of 
soienco courses were, in mathematics, arithmetic, and Davies' Ele- 
mentary Algebra through equations of the second degree. Candidates 
for the bachelor of philosophy course and ciril engineering were esam- 
ined on the whole of Davies' Elementary Algebra. These regairetottl^^ 
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have remftinecl uiiolianged till the present time. The department o 
civil engineering was discontinufid in 1S70. In 1872 the first yeai 
mathematical work in the course lending to the B. A., B. S., nud B. PIu 
degrees consiateil in the stnd; of Davies' Bourdon's Algebra, au.l Le- 
gendre's Qeomelry and Plane Trigonometry. During the first half of 
the Sophomore year Church's Annlytical Geometry and Davies' Land 
Sarreying (with use of instruments in the field) were studied. This 
completed thecourao in pore mathematius. A. B. students were taught 
Smith's Mechanics and Hydrostatics, llydraulics, and Sound (Bartlett) 
in the Junior year, and Bartlett's Optica and Astronomy in the Senior 
year. B. S. students had Gummere's Astronomy in the second half of^ 
the third year. (The E. S. and B. Ph. were the only three yeartfj 
conrses.) 

At the present time (1838) the mathematical course is decidedly 
stronger. Van Auiriugo's edition of Davies' text-books are used, ex- 
cept in analytical geometry and calccdue, which are studied from the 
works of Church. The calculus is now studied during the latter pai 
of the Sophomore year. 

Prof. G. W. Sears has now occapied the mathematical chair f 
twenty-three years. One of his old pupils, Prof, Kdward Uayes, says 
of him, "that he 'quizzes' 'like all possessed,' pretends that be does 
not know anything about it, and asks 'all sorts of impertinent ques- 
tions.'" As Sydney Smith said of Alexander Poiie, "I studied unde; 
htm, and have lively recoUectiouB," 
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^^ KENTUCKY TTKITBBSITT. ^H 

^^BChe records of the Transylvania University for several years follow- ^^| 
^KglSn appear to have been lost. In 1825 Thomas J. Matthews, the ^^ 
father of the late Justice Stanley Matthews, of the Supreme Court of the 
United States, is mentioned as being "professor of mathematics and 
natural philosophy." The subjects tanght by him were "arithmetic, 
geometry, surveying, leveling, uaturnl philosophy, and book-keeping." 
The entry for 1829 shows that Pestalozzian ideas had gained a foothold 
at the oniversity, inasmnch as Colburn's Algebra is mentioned as the 
mathematical text-book for the Freshmen. The Soplwmorea studied 
Playfair's Geometry and Trigonometry; the tTwnjora, Day's Kavigation, 
Surveying, Heights and Distances, Leveling; the Seniors, Bezout's 
Fluxions. Bezont's text-book had been translated from the French by 
Professor Farrar, of Harvard. It employed the notation of Leibniiz, 
and did not therefore teach "fluxions." The use of this terra as a 
synonym for "difierential and integral calcnlns" was, we believe, peeri- ^^M 
liarly American. ^^M 

In 1832 John Latz was elected " professor of mathematics and natural ^^j 
philosophy," and in 1S37 Beiyamin Moore. The latter resigned after 
one year's service. 
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The records from 1839 to 1865 can not be found. From old eatalo^nw 
-we gleaa the followiDg : In 1844 R, T. P. Allen was professor, and the 
subjects taught were, iu the Freshman year, Davies' Bourdoa and Le- 
gendre ; in the Sophomore year, plane and spherical trigonometry, 
heights and distances, mensuration of superficies and solids (Davies'}, 
navigation (Day's), conic sections (Davios' Analytical- Geometry), Soi- 
veying (Davies'), descriptive geometry (Davies'); in theJvi^or yew, 
differential and integral calculus {Davies'); in the Senior year, Olm- 
sted's Astronomy. 

In 184S James B. Dodd held tbe chair of mathematics and natnnl 
philosophy. At this time the course was as follows; Freshman ytat, 
arithmetic reviewed, Loomis's Algebra, five books of Legendre j Bopko- 
more year, geometry completed, plane and spherical trigonometry and 
their applications, analytical geometry (Davies', 6 books) ; Junior yMT, 
Church's Calculus. 

In 1850 the mathematics for the Junior and Senior classes consisted 
of descriptive geometry, analytical geometry, calcalus, and aoalytiral 
mechanics ; but they were optional with the student. 

Prof. James B. Dodd was the most prominent mathematical teacher 
that wasconnected with Transylvania University. He was a native of 
Virginia, and a self-made mathematician. In 1841 he became professor 
of mathematics at the Centenary College in Mississippi, and ia ISU 
was elected professor at the Transylvania University. He publitbed 
several books, viz., an Elementary and Practical Arithmetio,Eigh School 
Arithmetic, Elementary and Practical Algebra, Algebra for High 
Schools and Colleges, and Elements of Geometry and Mensuration. 
Some of these reached several editions. Professor Dodd contributed 
also to the Quarterly Beview of the M. E. Church South. In 1S49 be 
was appointed president pro /cmpore of the university, 

In 1865 Transylvania University was merged into Kentucky Umver- 
sity. The chair of mathematics !□ Kentucky University has been filled 
from 1859 to the present time by Henry H. White. From 1870 to 1876 
James G. White acted as adjunct professor. From 1876 to 1878 be was 
professor. In mathematics the requirement for admission has beea 
algebra through equations of the first degree. When Prof, Henry H. 
Whit« first became connected with the university as professor, the 
coarse was as follows : Algebra completed, plane and solid geometry, 
application of algebra to geometry, plane and spherical trigonometry, 
surveying and navigation, analytical geometry, differential and integral 
calculus, mechanics, and astronomy, with original problems and exer- 
cises throughout the course when practicable. In 1S04 the course was 
modified by dropping applications of algebra to geometry; in 1879, by 
the addition of conic sections (treated geometrically) ; and in 1884, by 
dropping conic sections and navigation. 

The text-books used by Prof. Henry H. White at different times are 
as follows: la Algebra, Davies' Bourdon, Towue, Peck; iu Qeomttry, 
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Davies' Legendre, Peck; in Trigonometry, Davies, Peckj in fiurtiiiyin^ 
enil Navigation, Davies, Loomis ; in Analytical Qeometry, Loomis, Peck ; 
in Calculus, Loomis, Peck; in Mechanics, Olmsted, SDell's Olmflted, 
Peck ; in Astronomp, Olmsted, Snell'a Olmsted, Peek. 

There have been no electives in miLthematica up to tbis time, except 
that the Btudent now has the choice between langaages and catculns. I 

UNIVERSITT OP TENNESSEE." ^ 

" The foundation of tbis nnivereity is connected with the earliest 
history of Tennessee. 

"In 1794, by the first General Aasemblyof the 'Territory sooth of the 
Ohio,' was chartered Blount College, named in honor of William Blount, 
GoTeruor of the Territory, and afterward one of the two United States 
Senators flrst chosen from the State of Tennessee. 

" In 1S07, under an act of Oongress providing for the establishment 
of two colleges in Tennessee, East Teniieaaee College was chartered, 
and soon after the franchise and property of Blount College were trans- 
fbTKd to the new institution. • • • 

"In 1810 the nam© of East Tennessee College was ohanged, by act 
of Legislature, to East Tennessee University. 

" In IS69 the Legislature gave in trust to the university the pro- 
ceeds of the sale of public lands, donated by act of Congress of July 2, 
1802, 'to the several States anil Territories which may provide col- 
leges for the beneflt of agriculture and the mechanic arts.' 

" lu ItSTd the name of East Tennessee University was changed, by 
act of the Legislature, to the University of Tennessee."! 

It is a source of regret to ns that wo have not been able to obtain 
any information whatever on the mathematical instruction at this in- 
stitution during the first eighty yea.rs of its existence. Ever since it 
took the name of a university, it has been iu an almost continual state 
of reorganization. Theao cunstant upheavals have resulted in the loss 
of almost all its records. "The requirements for admission and grad- 
oatioD," sas's Professor Oarson, " have probably been changed, oq an 
average, every two years." The terms for admission were not rigidly 
adhered to, and the standard for graduation has not always been high. 

KXhe catalogue of 1871-75, the earliest one that we have, gives John 
BIT Payue as professor of mathematics and mechanical philosophy. 
W collegiate department comprised at this lime three distinct courses 
E., the agricultural course, the mechanical course, and the classical 
coarse. The standard for admission to the first two courses was, 
until 1S7J, lower than to the last course. Iu 1S74-75 the mathematical 
stadies iu the agricultural course were according to catalogue, as fol- 

*TUe writer ia Indebted to Prof. Win, W. Careon, profowor of mnthematlM ftod oiril 
•nftiaeeriiig at the Univenit; of TenneMee. for all the information lisrsin OOaMtlWdi 
w tCatalogue of the Uiu*eTsitf of Teonessee, 1885-S& 
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lows: JVesAmen, Bobinson'a University Algebra, beginDiag witli quad- 
ratic eqnations, Chauvenet's Geometry, beginniag at tbe tliird book, 
Loomis's Conio Sections; Sophomores, Church's Descriptive Gaometry, 
Ijoomis's Trigonometry and Surveying; Juniors, Olmsted's Natural 
Philosophy and Astronomy. lu the mechauicul aud classical courses, 
the schedule was the same iu mathematics, except that sphencal trigo 
uometry, Loomis's Analytical Geometry and Oalculna, aud civil eugi- 
ueering, were added. 

I The biennial report of the trustees for 18S1 gives James Dinwiddle as 
professorof pure mathematics, and Samuel H. Lockctt as professor of 
applied mathematics and meclianieal philosophy. The report shows that 
the university was then organized into distinot schools, like the Uoi- 
versity of Virginia. These schools Lave existed, probably, stnoe 1879k 
Of tbe school of pure mathematics, the report says: 
" The subjects taught in the subcollegiate year of this school ate ele- 
mentary algebra, and four books of geometry. In the first co1Iegiat« 
year algebra and geometry are finished, and plane trigonometry is 
studied. In the second collegiate year are studied spherical trigonom- 
J . etry and analytical geometry of two dimensions, and in the tliird year 
L. diBFerential and integral calculus." 

The work in the school of applied mathematics is described as fol- 
lows : I 

" Elementary exiierimental physics is taught in the first college year. 
The various subjects of statics and dynamics of solids, liquids, aud 
gases; of acoustics, heat, light, electricity, aud magnetism, are treated 
without the aid of the mathematics, and are illustrated by nnmerooa 
experiments. The apjiaratus has been specially selected for that pur 
pose. 

"In the analytical mechanics, the power of the whole rango of the 
mathematics is brought to bear npou the investigation of the laws of 
forces of nature, and the student is made familiar with the power and 
ntility of mathematics by the solution of a large number of practical 
problems. Astronomy has thus far been taught without instruments, 
but tbe board of trnstees has appropriated five hundred dollars for the 
purchase of a telescope. Surveying comprehends plane surveying, lev- 
eling, topographical surveying, aud mining surveying ; the use of the 
I compass, transit, T level, plane table, chain, aud leveling rod; also 
plotting, making profiles and cross-sections, and topographical drawing 
with pen and brush. A large share of the student's time is given to 
field work and practice. 
" Descriptive geometry is the foundation of both the' science and art 
of drawing. It is followed by a course of problems iu shades, shadows, 
and perspective — mechanical drawing. 

"The course of engineering consists of the subjects treated in Pro- 
fessor Gillespie's Koads aud Railroads and Professor Wood's revision ot 
AlabaQ's Oivil Engineeriug, and of a course of lectures by the iuaCriM 
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on surface und tiiorou^Ii ilraiimge, ou agricultural, hydraulic, and ma^ 
liueengiDeeriiig, atiil a brief outline of the science and art of militaiy 
cagiaeering. The engiueeriiig drawing consists of a course of instruc- 
tion ill the drawing of plans, sections^ elevations, and details of bridges, 
tunnels, canal locks, etc. 

•' For the above engineering coarse students can substitate mecban- 
ism, machinery, and machine drawing." 

The catalogue for 1SS3-S4 meutiotiB as text-books in the school of 
pure mathematics: "White's or Olney's Arithmetic; Da\-ie8' Bour- 
don, or Olney's Algebra ; Olney's Trigonometry ; bowser's or Peck's 
Analytical Geometry; Bowser's or Peck's Calculus; Bledsoe's Philoso- 
phy of Mathematics. 

"Extra esamples, illnntrating the different, subjects taught, are gii 
thronghont the course." 

This is the first time that we find Bledsoe's Philosophy of Matho-' 
matica named as one of the test-books in a college course. According to 
catalogue, it was used in the third collegiate class, which completed 
analytic geometry and then took up "differential and integral calculus, 
aud the philosophy of mathematics." The idea of teaching the philos- 
ophy of mathematics is certainly a good one, but the subject is hardlj 
presented by Bledsoe in a form suitable for a young student, 

In the school of applied mathematics the books given in the cata 
logao for 1883-S4 are. Gage's Physics ; Loomis's Astronomy ; Davies' 
Sew Surveying; Smith's Topographical Drawing; Church's Descrip- 
tive Geometry ; Wood's, or Rankine's Mechanics; Mahan's Civil Bu. 
gineering ; Searles's Field Engineering. 

In June, 1SS8, h reorganization aud a reclassification of the varioi 
schools took place. The work of the " school of mathematics and ci' 
engineering" for the year 13S3-S9 is as follows: 
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ilcfdH— (Sub-Fiesbmau): Algebra (tbroagh surds and qiiudraticB) ; Geamaf 
e books). 
^Steoiid dIaM— (Fresh maa) : Geomotly, Algebra. 

Tkird cIiMi— (Sopbomore) : TriKonuinetry ; Orophio Algebra ; Analytical Oeometiy , 

Fourth cUui— (J aoioi) : Caluiiliis. 

Each class is taught in sections soiall enough to be well handled by 
the instructor. Great stress is laid, throughout the course, on the 
written solution of original problems — the aim being to induce clear- 
ness of thought by precision in expression. Each student is required 
1o ose the level, transit, and compass, from the beginning of his Fresh- 
man to the end of his Sophomore year. On entering the Freshman 
class the use and adjustments of the level are explained to him. He 
then practices with it, at times convenient to himself, until, by running 
such lines as may be required of him and submitting profiles and cross- 
sections, hti shows hia ability to handle the ordinary problems of draia- 
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age ami inigatjon. The graphical problems ia geometry are solved, 
sotQOtimos witli drawing instruments oil paper, and sometinies with 
engineering instrumeots on tlie ground. Tbus habits of accuracy are 
cn/oroed early in the course by the use of instruments of precisioD, and 
an eleraeutftry linowledge of anrveyiug afforded. 

Cor admission to the first class the applicant is examined in arith- 
metic only. 

The text-boohs now in use are as follows: Hall and Knight's Algebra 
for the Sub-Freshman class, Wentwortli's Algebra for tlie Freshman 
class, Wentworth's^ Geometry, Wells's Trigonometry, Puckle'a Oonio 
SeotioDB (with lectures), ffewcomb'a Onloulus. The Caloalaa is tanght 
mainly by lectures, the textbook l>eingused as a guide. As taught at 
present, it is baaed on the idea of dusiona, demonstrated by limits, wid 
employs the notation of Leibnitz. In pure mathematics no higher 
branches than the calculus have been taught at the university, except 
during the se-vton IriS^Sl, wheu a class in quaternions was taught 
At present agricultural students must fiuish trigonometry, all others 
analytical geometry, white the engiuoeringstudeuta must ilnishcalculofc 

It. CIVIL BNGtMEHIUKC 

1. (Sopliomore)t DaaoriptiToGfiOmotry; Land, City, aiid Mine SurTaying, 

2. (Janior) : Stone Cuttiug; AatTODomy. 

3. (Junior); Elemontiir; Moohaii[as ; Aualytical Meclintilns. 
<. (Junior) : SnrTeja ; Soundings; Maps; Profiles; CroM-sootions ; Estli 

Laying out Work ; Engineensg Materiala and Methods. 

The time of this class is mainly spent in practical work. It mt^m 
barometric reconnaissances ; maliesa map of some portiou of the bed of 
the Tennessee Eiver; docs the field and oEBce engineering work f or » 
line of commuDlcations to joiu two selected points, etc. 

5. (Senior) : Analytical Meoliauioa ; Applied Mechanioa. 

6. (Senior) : Engiueeriug Stroctiiros ; BpeciScationH and Contracta. 

7. (Post-graduato) : Economics of Boads; Seirerage; Water Supply; Hydrai 
jLrohitecture. 

The department is admirably etiuipped with the various engineeriug 
instruments. Of the moreimportaut (such as levels, transits, sextants, 
aneroids, etc.) it has a number of each. It has, with great cure and ex- 
pense, procured instruments of the Quest workmanship and latest at- 
tachments, 80 that its students of engineering may see how much to 
expect the instrument-maker to contribute toward the attainment of 
accuracy and speed. Exercises requiring their use are continually re- 
qaired of every class. 

The first sir of these classes are required for the degree of bachelor of 
science in civU engineering — the secen for the degree of civil engineer. 

At present the University of Tennessee is entering upon a career of 
remarkable prosperity. Like most of the higher institutions of learning 
in the South, it is experiencing a great revival. More thorough work 
and a higher standard of scholarship are everywhere perceivable. 
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The present prosperity of the Uuiveraity of Tennessee is dne chiefly 
to tlie aggres^iFeleaderehip of its President, Dr. C W. Dabney, a grad- 
uate of the University of Virginia, and later of the University of Got- 
tiogea. Qe accepted the presidency in August, 1887, under conditions 
giving him great freedom to manage the iustitution according to his 
own ideas. In June, 1888, the professorships were declared vacant, 
and were then filled by men selected by the president. Prof. William 
W. Carson, who had been elected to the cliair of mathematics ia 1885, 
was now elected professor of mathematics and civil engineering. Pro- 
fessor Oarson, a graduate of Washington and Lee, was civil engineer 
for anamberof years. Of the other tcachersof pure and applied math- 
ematics, Prof. T. F. Burgdorflf served about a dozen years in the XJ, S. 
Kavy, and Prof. E. E. Gayle abont an equal length of time in the U. Si 
Army. The three other instructors in this school are young men. 

TULANE UKITEBSITY OF LOUISIANA. 

The Tnlane University came into existence as such in 1884, when, by * 
a contract with the State of LDitisiaii a, the administrators of the Tnlane 
edsoational fond became the administrators of the University of Lon* 
itiuia in perpetuity, agreeing to devote their income to its development. 

The University of Louisiana had itsoriginin the Medical Department, 
-which was established in 183i. Tbia school has nnmbered among its 
professors and alumni the most distingnished medical men of Louisiana 
and the South. A law department was organized in 1817 ; and in 187S 
the academic department of the UniverRity of Lonisiana was opened. 
It exist^jd under that name till 1884, when it was absorbed into Ta- 
lane University. Considering that tbe academic department of the Uni- 
veraity of Lonisiana received from the State ao annuity of only ton thou- 
sand dollarn, it met with excellent success. A number of very earnest 
and welMrained young men were graduated during the six years of its 
existence. Its faculty consisted of otily seven professors, but they were 
men of energy and ability. R. H. Jesse was dean of the faculty and 
professorof Latin. He was educated at the Universityof Virginia, and 
was a roan of nnnsnal executive ability. His individuality was strongly 
felt in the institution. He organized the department, taking the Uni- 
versityof Virginiaashismodel. There was no curriculum or prescribed 
conrse of study. The parent or guardian had to choose, with the advice 
of the facolty, the branches to be pursued by the student. His cast of 
mind, as well as his future vocation, could thus receive due weight. In 
1883 therfe were eight "schools." The student was required to attend 
at least three, but he was discouraged from electing more than four, in 
order to prevent superficial work. 

The school of mathematics was tn charge of J. L. Cross, the profes- 
sor of mathematics. Professor Cross was, before the War, a student 
at the Virginia Military Institute, and a pupil of Prof. Francis H, 
. Smith. The school of mathematics was organized into three regular 
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classea, tbe Junior, lutertnediate, aod Senior. During part of the time 
it was found necessary to establish also nii iutroiluetory cla^s for sln- 
deuts deficient in preliiuiniiry studies. The requirements for admission 
to tbo Jauior class were a knowledge of arilbmetio and Loomis's Ele- 
ments of Algebra. The Jnuior class studied Loomis's Treatise on 
Algebra, and Loomis's (later Wentwortli's) Plane and Solid Oeometty. 
The Intermediate class was taught Loomis's Plane aad Spherical Trigo- 
nometry, and Loomis's Analytical Geometry. The Senior ol^ com- 
pleted the course iu mathematics by the study of Church's Descriptive 
Geometry, and Loomis's Diflferential and Integral Calculus. Professor 
Cross is, we believe, the first teacher who ever carried classes in New 
Orleans through the calculus. 

Very efBcient work was done by stndeuts in the school of physics. 
This was in charge of Prof. Brown Ayres. Professor Ayres received 
his general education at the Washington and Lee University, and hie 
training as a specialist at the Stevei\^ Institut« and tbe Johns Hopkins 
University. At tbe last institution he was honored with a fellowship 
in physics. He is a true lover of science, and, with great proficiency 
in the theoretical and mathematical parts of his subject, combines great 
mcchaDJcal ingenuity and skill. In his prelections on test-books he is 
extremely clear, and his experiments are always very successful and inte^ 
estiug. His great aim is to awaken in studeuts a genuine love for pure, 
science. Iu his school students had frequent opiwrtnnities of applying 
their knowledge of pure mathematics to physical problems. The theory 
of the combination of observations by tbe method of least squares was 
a study iu bis coarse. During several years he taught also analytical 
mechanics, using tbe work of De Volson Wood. 

In 18S4 the University of LouiHiana was absorbed into tbe Talane 
University of Louisiana. Paul Tulane, who had been in business in 
New Orleans for fifty years, douated the greater part of his large 
fortune for higber education in New Orleans. Owing lo his munificence, 
Tulane University baa the good fortune of being free from those peean- 
iary embarrassments with which tbo University of liouisiana had 
always to contend. Under tbe presidency of Col. William Preston 
Johnston, an educator of great ability and wide reputation, tbe conrses 
of study as they had existed in the University of Ijouisiana were reor- 
ganized.* Not trusting in tbe abibty of immature students, or even of 
parents un accustomed to consider the due proportions aud sequence of 
studies, to properly formulate tbeir own ideals in education, Tulane 
College offered a series of six equivalent curricula with prescribed 
branches, all leading to tbe degree of bachelor of arts. These six courses 
of study were denominate, respectively, tbe Classical, Literary, Math- 
ematical, Natural Science, Commercial, and Mechanical Courses. In the 

• For farther informalion regBrding tlio plan and workiiiga i>f Tnlftiio Univerwly, 
HO Preaideat JoliDtgtou'a nddreas on " Ediicatiou ia LouUinna," before th« NatloiuU 
Edacatiouol Conveutiaii, Topeko, Kan., Jaly 1I>, 1065. 
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Bpriiig of 1880, the commercial course was cliacon tinned, ami the innl 
ematical conrse bad ita name changed to pbyBical Hcience course. 

AJl the professors of the University of Loaisiana continued to bi 
their respective chairs ander the new regime. Several new profeai 
were added to the faculty. 

The mathematical requirements for admission to Talaiie College an" 
a knowledge of algebra to quadratics and of plane geometry. The 
course in mathematics is the same for all Freshmen. After completing 
the algebra they take up solid geometry, plane and spherical trigo- 
nometry, surveying and leveling, and navigation. In the Sophomore 
yeai', olaesicaland literary students pursue analytical geometry, three 
hours per week, before Christmas. This completes the mathematics for 
stadents in those two courses. In the three other courses mathematics 
is pursued six honrs per week thronghont the year, and consists in the 
stuiiy of analytical geometry and differential calculus. In the first half 
of the Junior year, students iu the physical science course and mechani- 
cal conrse pursue the study of integral calculus. These branches are 
taugbt by Professor Cross from Loomis's text-books, excepting that 
Wentworth's book is used iu geometry. 

The mathematical teaching has, thus far, been strictly conflue<l to tl 
onlinary college branches. No work of university grade, as distia^ 
gaished from college grade, has yet been attempted. "The end kept 
always in view is to impress the principles of mathematical truth clearly 
and deeply on themiud, by careful explanations, by daily examinations, 
aud by constant application of these principles by the studeuts them- 
selves to numerous examples taken from the textbooks and from other 
sources.'"* Professor Cross believes in making a clear presentation to 
the student of the principles of matLematics, without applying them 
to any great number of special cases. Iu his opinion, much valuable 
time is wasted in the solution of problems. If a student can give, for 
instance, the general solution of a quadratic equation, then there is no 
ueed of solving dozens of special exercises under this head. In ge- 
ometry careful attention is given to the correct understanding of the 
demonstrations given in thoUook, but little or no effort is made to solve 
original exercises. In the class room Professor Cross preserves strict 
iliscipline and is earnest in the discharge of his duties. When the 
routine work of the day is over, his mind ilnds relaxation and rest in a 
good game of chess or checkers. 

Students in the mechanical and physical science courses study an- 
alytical mechanics under Professor Ayres six hours per week during 
the second half of the Junior year. This subject has been exceedingly 
irell taught The text-book use<i heretofore in connection with lectures 
has been Wood's Analytical Mechanics. This is a good text-book, in- 
asmncb as the subject is taken up more or less inductively, and a large 
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nnmber of special and well-graded problems Ib given to be worked by 
the student. Wood makes extensive use of the calculus Id bis ADaljti- 
cal Mechanics. The experieoce has been at this institution, aa also at 
others, that students who have gone through Loomis's Oalcalos are 
hardly well enough prepared in that branch to pursue with ease a 
coarse in analytical mechanics. Some important parts of tbe integral 
calculus, particularly definite integrnls, receive exceedingly meager 
treatment in this book. The course iu analytical mechanics serves to 
impress more deeply and lastingly the principles of the calculus and 
displays to the student it^ wonderful power in the solution of all sorts 
of mechanical problems. This year (1888-89) Michie's Analytical Me- 
chanics will be used as a text-book by Professor Ayres. It contains a 
beautiful chapter on graphical statics. In the Senior year students in 
the mechanical course take up the subject of applied mechanics, Pco- 
fessor Ayres is using, this year, Uotlorill's Applied Mechanics, a stand- 
ard work of great merit. 

In IS33 a very fine collection of physical apparatus was purchased 
by the university at a groat expense. In optics the collection is excel- 
lent. The university is fortunate in having a physicist who knows 
how to make use of delicate instrumenU, Since the above date Pro- 
fessor Ayres has devoted much of his time and energy toward building 
up a good laboratory. A practical physical laboratory is somewhat of 
a novelty iu the South. Tulaue TJuiversity offers now as good and effi- 
cient courses iu experimental x)hysics to students of college grade aa uy 
university in the country. 

Since Tulaue (Juiversity is dependent for its supply of students 
chiefly upon its own high school, wise provisions have been made for 
more thorough instruction in that department. With Professor Ashley 
D. Hurt as bead-master the high school has been prosperous and 
thorough in its work. Both teachers and pupils are working with great 
earnestness, and it is gratifying to know that the number of students 
entering the college after graduating from the high school is decidedly 
on the increase. 

The S'ew Orleans Academy of Sciences holds its meetings at the 
Tulaoe University. The professors of the university are ite leading 
members. There is a general meeting once every month for all mem- 
bers of the academy. In addition to this, there are section meetings. 
" Section A," the mathematical and physical section, meets the second 
Tuesday of every month. Professor Ayres has been the leading spirit 
in this section, and has contributed mauy an interesting paper on 
physics and mathematics. Two years ago the academy began publish- 
ing an annual volume, containing the principal papers read duringthe 
year. The publication for the year 1887-88 contains an article oo the 
"History of lufinite Series," and an interesting article by Professor 
Ayres on " Physics and Psychology." IJuring the last two years the 
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aoademy has been in a flourisliing couditiou, and tlie qunlity of 
vork doue liiis bccti improving coutiuiialiy. 

In the fall of 1887 the U. Sopliio Newcotnb Alemorial College 
Yount; Women was opeued as a braocU of Tulauo Ouiversity. It ' 
fOQuded on an endowment madf by Mra. J. L. Newcomb, of Xew York, 
liiia institution is under the able management of Prosident Brandt Y, 
B. Dixon, who is also jtrofessor of melapbysicB and mental science at 
the Tnlane Unirereity. It is the aim to pat the Newcomb College on 
an equal footing with tbo Tulaue College. Yonng women will thua 
have the same facilttiea for higher education in New Orleans that 
young men have. 

The first year (1887-88) was a year of organization. Many featni 
gf the Achool were of necessity only tentative. The great obstacle 
high scholarship is the lack of proper preparation on the part of appli- 
caotB, For this reason it has been necessary to establish a preparatory 
department. The Xewcomb College ofTers four parallel and equivalent 
coorses of study — the Classical, Literary, Scienlific, and Industrial. In 
the two preparatory years, higher arithmetic and algebra are studied. 
U U the intention to introduce also a course on inrentional geometry. 
Tb« first year in college is ifevoted tD geometry, the second to the com- 
pletion of algebra and to trigonometry. To students taking the scien- 
ti&e and industrial courses, analytical geometry is oBered in the Junior 
year, and calculus and astronomy in the Senior year. During the flrat 
year id the history of the college there were classes in algebra, geome- 
try, and trigonometry. Wentworth's test-books were used. In tho pre- 
paratory department there were two clsisses, one in arithmetic and 
algebra, and the other in algebra. The latter class did faithful and 
thorough work in \Yentworth's Complete Algebra through quadratic 
equations. This division did as good work as any class of young men 
vkicb the professor has taught. If oot always quite as penetrating in 
the solution of problems as young men, the young ladies worked more 
foithfally and perseveringly. The lowest class of collfge grade finished 
plane geometry aud then reviewed algebra as far as logarithms. The 
work in geometry was quite satisfactory. A great effort was made to 
induce students to solve original exercises. While paralogisms were 
very frequent, especially at first, the efforts were not without some sao- 
cess. The solving of original exercises in geometry is too much neg- 
lected in our schools ; nor are our text-books always satisfactory on this 
subject. In the opinion of the writer, the number of exercises should 
be greatly increased, and very great cnre should be taken to either 
omit the difficult exercises or givp "hints" as to their mode of solution. 
Htudents should not be permitted to get disheartened in this sort of 
work. " The inventive jiower grows best in the sunshine of encourage- 
ment.'' Wentwonh has greatly improved his text-book in his revised 
edition of 18SS, by the insertion of seven hundred additional eseroisea. 
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The profeBsor has t'ound that tLo interest which pupils take in their 
studies may be increased if the solution of problems aad the cold logic 
of geometrical demonstrations are interspersed by historical remarks 
and anecdotes. A class in arithmetic will be pleased to hear aboat the 
Hindoos and their invention of the "Arabic notation ;" they will mar- 
vel at the thousands of years which elapsed before people bad even 
thought of introducing into the numeral notation that Columbus egg, 
the zero; they will Hud it astounding that it should have taken so long 
to inrejit a notation which they themselves can now learn in a few weeks. 
The class will take an interest in the history of decimal fractions and 
the various notations that were used once in place of our decimal point. 
After the pnpils have learned how to bisect a given angle, surprise them 
by telling of the many futile attempts which have been made to solre 
by elemeutary geometry the apparently very simple problem of the trl- 
sectiou of an angle. When they know how to construct a sqnare whose 
area is double the area of a giveu square, tell them about the duplica- 
tion of the cube — how the wrath of Apollo could be appeased only by | 
the construction of a cubical altar double the given altar, and how J 
mathematicians long wrestled with this prot>lem. After the class have 
exhausted their energies on the theorem of the right-angled triangle, tell 
them something about its discoverer — how Pythagoras, jubilant over 
^B his great accomplishment, [is said to have] sacriQced a hecatomb totbe 
^B Muses who inspired him. When the value of mathematical traiDing 
^P is called in question, quote the inscription over the entrance into the 
academy of Plato, the philosopher : " Let no one who is nnacquainted 
with geometry ent«r hero." To more advanced students the history of , 
mathematics becomes instructive and profitable as well as interesting. I 
It Bceais to me that students in analytical geometry should know some- i 
thingof Descartes, who originated this branch of geometry, that, tak- 
ing up differential and integral calculus, they should become familiar 
with the parts which Kewtou, Leibnitz, and Lagrange played in cr«iat- 
ing the transcendental analysis. No one can claim to have a fair knowl- 
edge of this subject who knows not something about the three methods 
taught by these great analysts. In his historical talk it is possible for 
the teacher to make it plain to the student that mathematics is not a 
dead science in which no new discoveries are 6r can be made, but tliat 

»it is a living science in which ra.ciug progress is being made aU^^_ 
UNIYEBSITY OF TEXAS. f^^H 

The University of Texas opened its doors to students for the^^^^ 
time in 1S82. The first professor of mathematics was Leroy Brown, 
who served one year. He was succeeded by G. B. Halsted as professor 
of pure and applied mathematics. At the same time with Halsted, A. 
V. Lane was elected assistant instructor in mathematics. He was ad- 
vanced to the position of assistant professor of applied mathematics 
in 1635. 
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Prof. G. B. Halated waa graduated in Princeton in 1875, and received 
the degree of doctor of philosopby at the Jobns Hopkins University in 
1879, where he had studied for two years under Professor Sylvester, and 
liad held a fellon-ship in mathematica. Before taking his degree he 
spent some time in Berlin, prosecuting mathematical studies. In 187S 
he was appointed tutor in matbemati cs at Princeton College, and three 
years later instructor in post-graduate mathematics. 

Dr. Halsted has established a wide reputation as a mathematician 
and logician. Ue has contributed to the American Journal of Mathe- 
matics, the Annals of Mathematics, the Mathematical Magazine, the 
English Philosophical Magazine, and several other scientific journals- 
He has published two books, An Elementary Treatise on Mensuration 
(Boston, 1881), and The Elements of Geometry (New York, 18S5). His 
books and scientific articles have been favorably reviewed in leading 
foreign journals. His Metrical Geometry (mensuration) is the best book 
of ltd kind that has been published in this country. It contains many 
new and interesting features. Of these we would mention his treat- 
ment of solid angles (the words steregoa and stemdian, now quite gen- 
enily adopted, were manufactured by him and first used here) and his 
discnssion of the priamatoid, deriving a general formnla for its volume. 
Be introduced a distinction between the words gphere and globe (mak- 
ing one to mean a surface and the other a solid), which Is worthy of, 
general adoption. 

The distinguishing feature of the two works of Halsted is their Ka- 
entifit: rigor. Teachers who favor a rigid treatment of geometry will 
fiud it in his Elements. The book rejects the "directional method" as 
wholly cuscientific; also the nse of the word " distance " as a funda- 
mental geometric concept. The word sect, first used in his Mensuration, 
is introduced here, meaning "the part of a line between two definite 
points." Many teachers do not endorse the introduction of this new 
technical term in elementary geometry, as they think that there is no 
particular call for it. The authoris certainly right in protesting against 
the use of the word " distance" in two different senses, That there ban 
really been a want for some of the other new technical terms first in- 
troduced by Halsted is evidentby the fact that they have been adopted 
in standard works, such as the Encyclopiedia Britanuica. 

Like his Mensuration, his Elements of Geometry possesses many 
novelties. Iii his book on Rectangles be introduces a strictly geometric 
algebra, where a and b mean sects, and, by definition, ab means their 
rectangle, thus avoiding measurement and the use of nnmbers. Ratio 
and proportion are strictly treated, but without liiuiCs. The book on 
two-dimensional spherics gives a novel method of treating spherics. 
His demonstration of the two-term prismoidal formula has been traus- 
lated into French by the editors of a mathematical journal published in 
ilelgiam. Halsted is the first writer iu this country to preface a geom- 
I otry by a preliminary chapter ou logic. Judged from a K^vt\\V\fc^ \wi\nx 
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of view, we believo flalsted's Geometry to bo the peer of any geometry 
poblisbed in America. 

Proffc83or Lane line coiitribotcd one article on "Roulettes" to tUe 
American Journal of MattiemaCictf, and lias written a noiit little book 
on Adjuatiuunts of tbo (Mmpass, Transit and Level. Professor Lane 
tangUt cliiefly the applied mathematics, i. e., mathematica app1ie<I to 
eogineering, and reacbed good results in bis work. In Juno, 1888, be n- 
signed bia iiMit'cssorship, and bia place was filled by tbe selection of a 
native TexaUjT. U. Taylor. Professor Taylor is a graduate of tUeUni- 
veraity of Virgiaia, and before accepting tbe present positioD was pro- 
fessor of pure and applied mathematics in tlie Milier Manaal LabOf 
School of Virginia. 

Tbe mathematical requirements for admission have been from the 
beginning the same as they are now, except that Prof. L. Brown ex- 
amined students in Weutworth'a Geometry instead of Halsted's. Aa 
stated in the catalogue of 18J57-88, the terms for aduiissiun are as fol- 
lows: "Arithmetic, including proportion, decimals, interest, disconnt, 
and the metric system ; algebra, including theory of exponents, radicals, 
simple and qnatlratic equations; and the elements of plauo geometry 
(corresponding to the first sis books of Halsted's Geometry). 

"Passing these examinations, a student will bo admitted to the 
Freshman class in the course of science, or to the Junior class of tbe 
law departmeTit." 

Great eflforts are being made to cause the high schools in the State to 
work in line with the university. High schools desiring the privilege 
of sending their gradaates to the university without examination are 
inspected by committees from the faculty of the nnivorsity, and if the 
work of a school be found satisfactory the school is " approved." Thus 
far the number of irregular stud ents in the academical department of 
the university has been largo, but as the institution grows older, the 
stadenta entering with a view of taking a four-years' course and grad- 
nating will doubtless rapidly increase. 

During the first year of the nniversity there were, naturally, no 
classes formed in the higher mathematics. At the beginning of the 
second year, in addition to the lower classes, there was a Sophomore 
class in analytic geometry, and a Junior class in diSerenttal and inte- 
gral calculus. At thu beginning of the third year, in addition to these, 
there was a Senior class in quaternions, and since then there have 
always been Freshman, Sophomore, Junior, and Senior classes in math- 
ematics. 

At the beginning, Wentworth's Algebra and Geometry were used by 
Professor Brown. When Professor Halstod entered upon bis duties 
at this university he "found that tbe lack of rigor iu Wentworth's Geom- 
etry was so exasperating" that lie *' could not continue to ase it with 
comfort or a clear conscience," and so ho put in form for the printer bis 
3wn manuscript on geometry. Uis geometry bus been used i 
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issae, Bappleroented by Halsted's Meosaration. Ttie analytic geometry 
nsed is Puckle's Conic Sections. Uatil the present year (1S88-89) By- 
erly's Calcniiis hna been taught. Post-graduate coarsee in niatbematics 
are now offered to students. 
The present mathematical course is as follows (catalogue 1887-88) : 
The Freihman clai> will study algebra, solid grometT]', spbericE, meQsurtktloii, plaae 
ud apbcrical trigooooietry, with their ap pi i cations to survefiag, navigatioD, etc. 
The Sophonore clatt will sjady analytical geoiaetry, grapbio algebra, &nd theory of 

The Junior elatt n-ill study analytical geometry of three dimenBiDns, dLJFerential 
and integral cnlculos. This conrse of study will embrace the applications of the oal- 
DOliis to mechanke and pbjsics. 

The Senior ofdat will itndy defETminaiits, qnatemioDs, iDTarianta, and qaan< 
tiea. * • * 

In the higher olOBses will be discuued the history and logical structnre of the matb- 
ematical sciencee, and the logical theory of the catcnlus, the theory of limits, and the 
infill itesimal method. 

TrtI- 6oot(,— Wen tworth's Complete Algsbra; Halsled's Geometry (Jobn Wiley & 
Sons, New York) ; Halaled's Menaoration, ad Ed. (Ginn & Co.); Wentwortb's Trig- 
ooemetry, Eurveying, and Navigation; Graphic Algebra, by Phillips & B«eba; 
PncUe's Conic Sections. 5th Ed.; Smith's Solid Geometry; No wcomb's Differential 
ud lutvgral Calculus; Theory of Eqnations, by Bnrnside and Panton, 2d Ed.j 
Mair'a Determinants; Scott's Detenu i nants ; Salmon's Modem Higher Algebra, 4tti 
E4. ; Hoidj's Qnaternioos. 

EngineeriDg sfndents are reqnired to take the four-years' coarse ; 
science stadents, the studies for the first three years; arts stadents, 
those of the first two years; and lettersBtodents, those of the first year. 

Two post-graduate courses are offered : 

I. A CDQTBe preparatory to ortgioal invesligatioD in the objeetive Boiences. Thia 
will include infiuitesimal calcnluit, the method of least aqnareB, kiueoiatic, linkage, 
difl'erential equations, the calculus of Gtilto differences. 

Tul booln. — Williamson's Differential Calculus, Williamson's Integral Calooltu, 
CUfford'a Kinematic, Forsyth's Differential Equations, Boole's Differential Eqnatioiu, 
Boole's Calculus of Finite Differences, Merriman's Method of Least Squares. 

II. A coarse preparatory to original investigation iu the subjective sciences. This 
will include projective geometry, the theory of nnmbers. the algebra of logic, the 
theory of probability, nou-Enclidian geometry. 

Tczt-book». — Cremona's Projective Geometry; Lejeuno DirJchlet's ZahUnlheorit, 3d 
Ed.; Mocfarlane's Algebra of Logic; DooIe'sLawBof Thonght; TodhoDtei'B History 
sftho Theory of Probability ; Friscbnura Abaolatt Geomelrie. 

The catalogue for 18S7-8S gives one student taking postgraduate 
■tadies in mathematics. 

The university is open to l)0th seTes. "A number of young ladies 

ttall show that they are capable of mastering even the abstruse modern 

developments of this oldest of the sciences." (Professor Halsted, June, 

IS88.} J 

WASHINGTON TJNI7EESITT. M 

Up to the date of writing we have not been able to secure the infor- ^ 
oiation desirable for a sketch of the mathematical teaching at this uni- 
versity, bat an excellent biographical notice of PcQCe&e^c Vj\V\\%.\&. 
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Clianvenet, the first professor of matbemfttics at Washington Univer- 
sity, lias been written for us by his son, Regis Cbaavenet, now presi- 
dent of the State Hohool of Mines, at Golden, Colo. Professor William 
Cbaavenet raiilcs among the corypbrci of science in Awerica. Heaod 
Benjamin Feirce have done more for the advancement of mathematical 
and astronomical science, and for the raising to a higher level of the in- 
BtrnctiOQ in these subjects, than any other two Americans. It is oor 
wish, OQ that acconnt, to place before the reader, a somewhat full sketch 
of the life and works of Profesaor William Cbanvenet. The biograph* 
ical notice above referred to is as follows: 

" William Marc Chanvenet, fatlier of the subject of this sketch, was 
born at Narbonne, France, in 1790, and came to the United States iu 
1816. He was the youngest of four brothers, another of whom also 
came to this country but has left no descendants. William Maro wu 
a man of education and culture, versed iu several languages, and a con* 
stant reader. He came to America, however, in connection with a mano- 
facturing enterprise which had ite headquarters in Kew York, with a 
branch at Boston, The latter department was under Mr. Chauvenet^a 
charge, and here he married, in 1819, Miss Mary B. Kerr, of Eoxbory. 
This was before a heavy defalcation in the New York house, which 
broke up the enterprise so badly that all investments in it proved to be 
total losses. Mr. Chauvenet having an idea that rural life would Bail 
his taste, bought a small farm close to Milford, Pike County, Pa., ud 
it was here that his only child, William Chauvenet, was born, May 34, 
1820. 

" By the advice of friends Mr. Chauvenet soon gave np bis attempt 
at farming, and settled in Philadelphia, where his eon grew to man- 
hood. His rapid progress at school attracted such attention from his 
instructors, especially in mathematics, that his father easily yielded to 
their advice, and sent him to Yale College, where be grEidaated in 1840, 
^ facile princeps' in mathematics, and high in standing in all other 
branches. The honorary societies, 'Phi Delta Kappa' and 'Chi Delta 
Theta,' denoting respectively the fifteen of highest standing and the fif. 
teen best writers of the class, each claimed him as a member. 

" Upon his return to bis home be was, after a brief incumbency in a 
subordinate position, appointed professor of mathematics in the Navy, 
Late in IS4I ho married Miss Catherine Hemple, of Philadelphia. 
Shortly after this he served a brief term on a United States vessel, as 
instructor to midshipmen, but did not go upon a foreign cruise, and was 
soon detailed to the 'Naval A»iyluui,' then situated at Philadelphia. 
Here midshipmen were sent at that time, to receive iustrootion and 
examinations, principally in mathematics and the theory of navigation. 
The young professor was struck with the imperfections iu the education 
of naval officers, and it was very largely through his efforts, aided by 
such influences iis he could bring to bear on the matter, that a ooDimis- 
BioD was appointed to draft a plan for a fixed ' Naval Academy,' 
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^Bonding to tbe Military Academy at West Point. Six naval officers 
^^■istitated this commissioD, Professor Gbaiiveaet being of the aumber. 
^|pe appointmeut of eo young a man (he was but twenty-four at tbe 
P^ne) on a commission of such importance indicates what must have 
been bis record, and the impression he made upon his seniors in yt 
and raiik, 

" The l^aval Academy was formally called into existence in 
1845, being located at Annapolis, Md, Professor Chauvenet was 
[lointed to the chair of mathematics, and resided at the academy un1 
liis resignation from the Navy in 1859. 

" It waR not long after this change of residence that he began to plan 
his work on trigonometry, which wa« published in 1850. Its title, 'A 
Ireatiae on Plane and Spherical Trigonometry,' ^tartly indicated that 
it was not a atndents' class-book merely, but that it took np most of 
more advanced applications of the subject. It soon assumed tbe p 
tion it atiU retains as the standard reference work in its line, 

"Some time before this publication. Professor Chauvenet had per 
laaded his father to retire from business and accept a position at the 
academy. He came as instructor in the French language, and remained 
at hifl post until bis death in 1855. 

"It having been decided to erect an astronomical observatory at the 
academy, Professor Chauvenet was made professor of astronomy and 
|iDt in charge of the observatory. As he became more and more iriter- 
esled in his work, the idea of his next treatise, ' Spherical and Practical 
Astronomy,' grew upon him, and, just previous to his resignation, had 
assumed such form that he issued a prospectus for it6 publteation as 
finbscriptioii work. This was never earned out. 

■■ lo 1859 he was notified that his application for the professorship 
DU^bemattca at Yale College would be followed by his election to that 
position. Almost simultaneously with this came a call to St, Louis, 
Uo., where he was offered the same chair in the then newly-established 
Washington University. After much deliberation he accepted the 
latter, and removed with his family (including at that time bis mother) 
to St. Loois, in the fall of 1859. 

'* Chancellor Hoyt, who was at the head of the ' Washington ' at this 
time, died early in the ' sixties,' and Professor Chauvenet was elected 
to the vacancy. He still continued his duties aa professor of mathematics, 
Lowever, and notr resumed his work on the 'Astronomy.' The risks 
<ti pablication were great, and his aieans did not enable him to guar- 
antee tbe publishers against loss. The Civil War was in progress, and 
the time seemecl inopportune for such an undertaking. It was to the 
liberality of certain friends, chioily to the initiative of Mr. (afterward 
Judge) Thomas T. tiantt, of tbe St. Louis bar, that a guarantee fund 
van raised, sufficient in tbe opinion of the publishers to prevent any 
lose to them. The work, in two octavo volumes, was published in 18G3. 
" Few works of a scientific nature, by American authors, liava bcA.'o. 
881— No. 3 16 
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received with snch nniversal favor, by thoae competent to judge of ita 
merits, as was this. It« repntatioQ was quite as great in Ettrope as 
here, while of conrse it is not (as it wa« never intended to be) ft treatiev 
mnoh known outside of scientific, and more especially astronomical, cir- 
cles. Its Bcope, and the rigorous methods adopted, are enfflciently 
indicated in the aathor's preface. It retains to-day its standard char- 
acter, as fully as when this was first recognized by the scienti&c world 
npon its publication. 

" Professor Ohauvenet's mother died in St. Lonis, not long after the 
appearance of the Astronomy, and it was but a few months later that 
the first symptoms of the disease that proved finally fatal to him, made 
their appearance. Partial recovery and resumption of his duties was 
followed by a long period of alternating hopes and feara, during which 
time he tried in vain difl^erent parts of the United States, from South 
Carolina to Minnesota. During this illness he worked at his only ele- 
mentary publication, the ' Geometry,' which he undertook, partly because 
he had long thought that the popular texts of the day were marked by 
too strict an adherence to strictly ' Euclidian ' methods, and partly be- 
cause he wished to provide an income for his family, by the publication 
of a text for which be had reason to suppose there would be a larger 
sale than was possible with advanced treatises. The publication of 
this work shortly antedated his death, which occurred at St. Pan)* 
Minn., December 13, 18T0. 

"Professor Ghanvenet left, so t-o speak, two distinct impressions bo- 
faind him. By far the larger circle, in unmbers, of those who kuew bim, 
wereof those to whom his scientific attainments, though known, were as 
traditions merely, since they were in a field whose extent was to Cbem 
only a matter of vague conjecture. To these he left the impression of a 
man of wide and varied culture, and keen critical taste. Probably few 
scientists of distinction were more keenly interested in lines outside of 
their own specialties. Be was not only a critic in music, but to his 
latest day a pianist of no mean ability, always expressing a preference, 
in bis own playing, for the works of Beethoven, which be rendered with 
an interpretation which never failed to excite the admiration of masi- 
cians whose execution enrpaesed his own. His knowledge of English 
literature was extensive, but he read and re-read a few authors, at least 
in the latter part of his life, and his great familiarity with many of these 
gave point to the old adage, 'fear the man offew books,' though perhaps 
not in the sense in which these words were originally intended. Ho was 
a ready writer, and contributed at times reviews, partly scientific, to 
various journals. His style was clear and unaffected, while, in the re- 
view of a pretentious or ignorant author, be had the gift of a delicate 
sarcasm, so light at times as only to bo visible to oue reading between 
the liues. For other pretenders he conld drop this mask, and write with 
severity; but only twice in his life, to the knowledge of the present 
writer, did he ever do so. In addition to his more important writi 
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be vas the author of a * Lnnar Method,' still used ia the Navy, and in- 
Tented ft device called tbe'greatcircle protractor,' by which the iiaviga- 
tor ifi ciiftbted {knowing bia position) to lay down his course on a 'great 
circle' of the globe, without farther calculation. Tiiis invention was 
purchased by the Unitfid States Government not long after the close of 
the Civil War. 

*' Professor GhaaTenet's scientiGo reputation needs little comment on 
the part of the present writer. Ee was one of a gronp of scientists in 
hisowt) or cognate lines, who were the first to secure recognition abroad, 
as well aa at home, for the position of the exact sciences iti the United 
States. Among his more intimate ccientifio friends were Benjamin 
Peirce and Wolcott Gibbs (Harvard), Dr. B. A. Gonld, and many others 
whose names are as household words in the history of ecientidc prog- 
ress in this country. At the formation of the National Academy of 
Sciences bo was one of the prominent members. But while bis scientific 
reputation will ontlast his personal memory, it is doubtful if to those 
who knew him, even of bis scientific associates, it will ever he as pres- 
ent as his strong personal attract! veaeas, the result at once of an easy 
and varied culture, and of a simple dignity of character, which im- 
pressed alike his family, his friends, and his pupils. His family, con- 
mUag at the time of his death of his wife, four sous, and a daughter, 
are all stillliving (1889)." 

The only mathematical book writteo by Chanveuet and not mentioned 
in tbo above sketch is a little book entitled Binomial Theorem and 
Logarithms, published iu 1813 for the use of midshipmen at the Naval 
School, PhilaJdelpbia. 

As regards the quality of Professor Chauvenet's books. Prof. T. H. 
Saffbrd, of Williams College, says: "This excellent man and lucid 
writer was admirably adapted to promote mathematical study in this 
conutry. Qia father, a Frenchman of much cnltnre, trained bim very 
thoroughly in the knowledge of the French language, even iu its niceties. 
They babitnally corresponded iu that language; and tbo son was en- 
abled to study the mathematical writings of his ancestral country in a 
way which enabled him to reproduce iu Euglish their ease and grace of 
8^1e, as well as their matter. In these respects his works are far more 
attractive than those of ordinary English writers ; bia Trigonometry is 
much the best work on the subject which I know of in any language; 
his Spherical and Practical Astronomy is frequently quoted by eminent 
oontiuental astronomers ; and his Geometry baa raised the standard of 
our ordinary text-books, of which it ia by far the best existing."" 

Chanvenet's books, especially his Geometry, have been used in the 
beet of our schools. Recently a revised edition of his Geometry has been 
brought out by Professor Bjerly, of Ilarvaril. Among the chief modi- 
fications made by bim are the following: (1) The "exercises," which 
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in tlie original are ftt the end of the book, are luoet of them placed in 
direct connection with the theorems which they serve to illastrate. (2) 
The admiriible little chapter in the original edition on " Modern Geom- 
etry" is omitted. (3) The "directional method" is introduced. The 
first is, DO donbt, a change for the better ; the second and third are, we 
thinkj to be regretted, It aeema to ns that the day has come when a 
college coarse should set aside some little time tothe study of modem 
methods in elementary geometry, and not confine itself to the ancient. 
The introduction of the "directional method," in our opiaiou, robs the 
book of some of that admirable rigor for which the original work oi 
CLauvenet is so justly celebrated. 

His Trigonometiy and Astronomy are the first American works to 
introduce the consideration of the tjejierat spherical triangle, in which the 
six parts of the triangle are not subjected to the condition that they 
shall each be less than 180°, but may have any values less than 360°, 
This feature is mainly due to Gauss. The met hods of investigation fol- 
lowed in these two books are chiefly those of the German school, of 
which Bessel was the head. 

UNITESaiTT OP MICHIGAN.* 

The University ofMichigan opened in ISll. In its organization! 
Bi^n ideas predomiuated. But the regime which existed duriogtheHrst 
ten years in the history of the university did not prove efQcieat A 
re<organizatioD was therefore effiicted in 1352, The board of regents 
were, from that time on, rendered independent of the Legislature by 
intrasting their election to the people. The German method of govern- 
ing the faculty by an annual president elected by that body was aban- 
doned in 1852, and it was henceforth the duty of the board of regents 
to appoint a chancellor for the university. 

The first appointment to a profeseorship at the University of Michigan 
was that of George Palmer Williams, in 1841, He was first assigned to 
the chair of ancient languages. On the work of this department, how- 
ever, he did not enter, but exchanged it for that of mathematics and 
ualural philosophy. 

Professor Williams was born ia "Woodstock, Vt., in 1802. After grad- 
nating at the University of Vermont he studied theology at Andover, 
then became tutor at Kenyon College, and later professor of languages 
in the Western University of Penu sylvan ia. Thence he returned to 
Kenyon College, where he remained until 1837, when he entered upon 
the services of the board of regents of the University of Michigan, as 
principal of the Pontiac Branch. 

At the University of Michigan he was professor of mathematics and 
natural philosophy until 185i, professor of mathematics from 1864 to 

■ For part of the iafonuation heraiti oontaineil we are indebfed to Prof, W, W. 
Beniau,or Aaa Atbor. Ths writ«T is also ander obligsCioa to CliaijM 
Ph. D., for iaterestiag oral commauications. 
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1863, and professor of physics from 1863 to 1875. Williams ■was a man 
ofcaltnrt! aud refiuetnent, and UDderstood well the branclieswhicli he at- 
kempted to teach. As an instructor be lacked thoroaghness. "ThoagU 
lie never felt himself called npon to force the reluctant mind into a 
thorough understanding of that for which it had no liking, he helped 
those who desired to study in attaining to the established standard, 
ind, in a private way, he loved to aid those who desired his help in 
transcending that limit. Astronomy, though notnomiDally in bis profes- 
wrship, be taught until the revisioa of the course in 1354, and a great 
Bntbusiosm was annually awakened among the students as they came 
to the calculation of eclipses.'** 

The mathematical requirements for admission were, in 1847, arith- 
metic, aud algebra through simple equations. The college coarse for 
that year included algebra, geometry, conic sections, plane and spheri- 
cal geometry, and calculus. In 1818 it was the same, save calculus or 
analytical geometry, and in 1849 calculus and analytical geometry. The 
text-books were those of Professor Davies, of West Point. 

Before its reorganization, in lSo2, "the institution had Sagged some- 
what in popular interest; the number of its students bad fallen off; a 
more vigorous and aggressive leadership was imperatively needed.''t 
la tbe year just named. Dr. Henry P. Tappan , of New York, was inau- 
gurated first chancellor. His connection with the university marks a 
new era in its history. During the reconstruction, German ideals were 
constantly kept in view. He thoroughly understood the workings of 
Germaa nniversities and was a recognized champion among ns of uni- 
versity education, as distinguished from college education. In the first 
catalogue (1852-53) issued by him, we read: "An institution can not 
deserve the name of a university which does not aim, in all the ma- 
terial of learning, in the professorships which it establishes, and in the 
whole scope of its provisions, to make it possible for every student to 
study what be pleases and to any e.'cteut be pleases. It is proposed, 
therefore, at as early a day as practicable, to open courses of lectures 
for those who have graduated at this or other institutions, and for 
those who in other ways have made such preparation as may enable 
them to attend upon them with advantage. These lectures, in accord- 
ance with the educational systems of Germany and France, will form 
the proper development of the university, in distinction to the college 
or gymnasinm now in operation." The university system has been 
growing at Ann Arbor, though at firat very slowly. 

The first fruits of the plan laid down in tbe catalogue just named was 
the appointment to the chair of astronomy, in 1854, of Dr. Francis 
Briinnow, of Letpsic, a favorite pnpil and assistant of the celebrated 
astronomer Encke. Brlinuow remained at the unirersily until lSfi3, 
when he resigned to takecharge of the Dudley Observatory. Later, he 

"Univaraityof Miobigan, by Andrew'!'. Brook, 1875, p. 298. 

t The Stndf of UUtOt; in AmerLufta OolUget, by Herbert B. Adomi, p. W. 
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b<iflaine director of the Eoyal Observatory in Dublin, Ireland. TTiider 
liisable uin,na,gomoQt tbe observatory at tbe Uaiveraity of Hicbigftu 
[called the Detroit Obaorvatory, io recognition of the liberality of citi- 
zens of Detroit wlio founded it) soon rose to high rank. Besides tlie 
"Tables of Flora" and the "Tables of Victoria," publisheil at Ann 
Arbor, Dr. Briiuuow oontributed to science his large work on Spherical 
Astronomy and many papera on astronomical subjects. Bat tbe infln- 
enco of its renowned scholar was felt also in the department of pure 
mathematics. It is be who gave the university its start matbematic- 
ally. When Professor Olney became a memberof tbe faculty, then the 
university bad already made a respectable begiuntog in the study of 
exact science. 

Tbe year 135G marks the earliest dawn of the " elective system " at 
the University of Miohigau. One of the elective studies offered to Sen- 
iors in that year was astronomy. Profefsor Brtinnow lectured on this 
subject to an elective class of one — James 0. Watson." With refer* 
ence to this class Dr. White happily said, that " that was tbe best 
audience that any professor in Michigan University ever bad," Brlin- 
now, witb his pupil Watson, reminds us of Gauss, of Odttingeu, who 
lectured at that great university to less than half a dozen stndents, 
while Thibanti a mathematician of no scienti&o standing, presented tbe 
elements of mathematics to audiences of hundreds. " If I had tlie 
choice," said Haukel, "I should prefer being Gauss to Tblbaat." If 
we bad the choice, we should prefer beiug a Briinnow lecturing to one 
or two Watsons, rather than being very ordiuary teachers iecttiring to 
large cl{»ses of easj'-going students. 

Watson was born in upper Canada in 183S. He early exhibited ex- 
traordinary mental power and activity. When the lad was twelve bis 
parents were anxiously castiug about to secure for him the privileges 
of a liberal education. They looked eastward to Toronto and westward 
to Michigan. Being in bumble circnmstauces, they chose the latter 
place, because education there waa Jree, Young Watson entered at the 
Ann Arbor High School, bat after an attendance of one day and a half 
be was graduated, for it waa found that in the sciences he was alto- 
gether beyond anything which his teachers bad thought of. Tbe pov- 
erty of his parents made it necessary for him to partly rely upon bis 
own support. At this time the fatnre astronomer could be seen going 
about sawing wood for boys in college, while bis mother took in wash- 
ing to support herself and boy. At the university Watson displayed 
as much talent for languages as he did for mathematics. Tbe story 
goes that he decided between mathematics and Greek, as bis specialty, 
by throwing a penny. " There slips the penny, forwhichf " A notiod< 
able exploit id the Junior year was bis reading tbe entire M^canique 

* Out remarka on Frofeuar Watioii are drawn cliieSy Trom an address delivoMd by 
Prof. J. C. Freumao, of the Univeieitj of Wtaoooaia, and priutud in the Mff^ TaL 
I, No. ST, Jane S4, 1937. 
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Celeste of La Place. In the Senior year he took the coarse of lectores 
under BriiDDow, spoken of above. 

While yet very joaug, Wataoo contribnted nutneroaa astronomical 
and mathematical articles to foreign joornals. He pabiished in 1S67, 
at the age of twenty-nine, hia great work on Theoretical Astronomy. 
Its design appears from these prefatory words: *' Having carefully read 
the works of the great mastfira, my plan was to prepare a complete 
work on the eiibject, commencing with tlie fnudamoDtal principles of 
dynamics and systematically treating, from one point of view, all the 
problems presented." The book gives a systematic derivation of the 
formols for catcnlating the geocentric and heliocentric places, and de- 
termining orbits, and for computing special pertnrbations, including 
also the method of least sqaarea, together with a collection of auxiliary 
tables, etc. The work was translated into continental languages and 
became the text-book in many obserTatories in Germany, France, and 
Eoglaud. 

When Brttnnow left Ann Arbor, in 1803, Watson became bis snccessor. 
Vi'atsoD disoovered a considerable number of Asteroids. Twenty-three 
IS, says Professor Freeman, be knew the joy felt by _^M 
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" Some vktoher of t!ia skiss 
Wliea & new plBiiet awima ioto bis ken." 



He was led to believe that there existed between Mercury and tbe 
Bun a planet hitherto unknown. During his obeerration of the eclipse 
in 1878, at Denver, he caught eight, as he thought, of this new planet. 

Watson's genius made the University of Michigan known in scientific 
circles throughout the world. His mind was pre-eminently fitted for 
his specialty. With a powerful meosory and great mechanical genius, 
he combined the ability to grasp abstrnse problems by a kind of intui- 
tion. He was a man of wonderful activity. Says Professor Freeman: 
" There was a tirelens energy in the man that impressed every beholder. 
Some of yon recall the feeling you had when Grant op Sherman joined 
the army in the field, or when you saw Sheridan making his last mile 
from Winchester to Cedar Greek. Something of the same inspiration 
Watson gave his associates." 

During bis directorship of the observatory, Watson generally deliv- 
ered every year to the student community a course of popular lectnres, 
bnt was otherwise relieved from further duties of giving instruction, 
escepting to pupils intending to make astronomy their specialty. He 
had little patience with the average boy, but his interest in his special 
students never fl;vgg6d. He took great pains to secure for them suita- 
ble positions. Old pupils of his may be found holding responsible posi- 
tions in the tJ. S. Navy, Patent OEQce, and Coast Survey. His two 
most favorite pupils were George C. Comslock and John Martin Schae- 
berly. Watson took the former with him when he left Ann Arbor, in 
1»79, to take charge of the Washburn Observatory at the Oniversity 
ifWisconsin. Mr.ScbaeberlyremaiueduttboDetroItObservatoryaDtU < 
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1888, wheu he accepted a place at tbe Lick Observatory. He waa boc- 
ceeded at Anu Arbor by W. W, Campbell. After Watson left Ann 
Arbor, Prof. Mark W. Han-ingtoa became director of the observatory 
tliere. 

Dnring bis first years after gradiiatioii, Watson tanf^bt, besides 
astronomy, mathematics and physios. Tlius, from 1859 to 1860 be waa 
professor of astronomy and instructor in mathematics ; from 18C0 to 
1863, instructor in physics and mathematics. Other yonng instmctors 
in mathematics of this time were W. P. Trowbridge, 1856 to 1857, a 
graduate of the U. S. Military Academy ; and John Emory Clark, 1857 
to 1859. Both of them became connected, later, with Tale College, the 
former aa professor of mechanical engineering, the latter as professor 
of mathematics. These yoang men did much, no doabt, to snpply that 
thoroughness which was wantingin the teaching of Professor Williams, 
the regular professor of mathematics. A beneficial stimulus to the 
study of pure mathematics was exerted by the department of engineer- 
ing; for good work in that department was impossible withont good 
preliminary instruction in pnrc mathematics. Connected with tho de- 
partment of civil engineering, from 1855 to lSo7, was Wiltiatn Ony 
Peek, a graduate of West Point. He was succeeded by Do YoIbob 
Wood, who had just graduated at the Bensselaer Polytechnic Institute. 
After leaving the University of Michigan, in 1S72, Wood became pro- 
fessor of mathematics and mecbaaics in the Stevens Institate of Tech- 
nology. He is the anthor of Besistance of Materials, Roofs and Bridges, 
Elementary Mechanics, Analytical Mechanics, revised edition of Ma- 
ban's Civil Engineering, and Elements of Coordinate Geometry (includ- 
ing Cartesian Geometry, Quaternions, and Modern Geometry). Pro- 
fessor Wood's text-books contain numerous examples to be worked by 
tbe student. These books possess many good features, and have been 
Dsed qnite extensively in our colleges and technical schools. Professor 
Wood has been a very diligent cootributor to a large number of mathe- 
maiical and scientific periodicals, and has thereby done much toward 
stimulating interest and activity in applied mathematics. 

The year 1863 ia marked iu the history of the University of Michigan 
by tbe departure of Briinnow and the arrival of Olney. FtoL Edward 
Olney occupied the chair of mathematics nntU his death, in 18S7. He 
was born in Moreau, Saratoga County, N. Y., in 1827. With slender 
opportanitics for early education, be achieved through his own energy 
distinction as a teacher and scholar. He began his career as a teacher 
in elementary schools. Though he had himself never stndied LatiD, he 
began teaching it and he kept ahead of his class, " because he had more 
application." He thus educated himself iu languages as well aa in 
mathematics. He acquired great teaching power, and it is to this that 
his great success is chiefly due. During the ten years preceding bis 
appointment at Ann Arbor, be wan piofesBor at Kalamazoo College, 
Uictugan. 
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At the TJuiversity of Micbigan his teaching was marked by great 
thoronghness. Ho was a rather 8low man, autl took great pains with 
the poorer etiidenta. He had the happy f'acolty of iDdnciiig oil students 
to perform faithfol work. It ia related that the son of a certain prom- 
inent Congressman once labored nnder the conceit that his father's repu- 
tation would exempt him from the necessity of studying whenever he 
felt disinclined to do so. Once, when being called upon to recite, he 
answered, " not prepared." Professor Oiney assured him that the lesson 
was easy, asked him to rise from bis seat, and tbon proceeded, much to 
the amusement of the rest of the class, to develop with him the entire 
lesson of the day by asking him questions. In that way was spent the 
whole hour. The class was made to assist him in some of the more dif- 
ficult points. The Congressman's son concluded, on that occasion, that 
it was, after all, more agreeable to bis feelings to prpparo bis mathe- 
matics carefally in his own room than to expose his ignorance before 
the whole class by being kept reciting for a whole hour. At times Pro- 
fessor Uluey enjoyed joking at the expense of those who wonld not be 
injared by it. The result of his teaching was a high average standing 
among students. Tbe first important st«p toward reaching good 
resalt.s consisted in a strict adherence to tbe requirements laid down 
for admission. If a stndent failed in his entrance examination, then 
Professor Olney took mnch pains to see that tbe deficiencies would be 
made up under a competent private teacher who was personally known 
to bim. The rigid requirements for admission gave the mathematical 
department great leverage. 

Professor Olney was an active promoter of various humanitarian 
enterprises, and was much interested in the educational work of the 
Baptist denomination, of which he was a member. He was interested 
in the progress of Kalamazoo College (Baptist) quite as much as in 
that of Michigan University. His library is now the property of that 
college. At tbe time of his death he was engaged in the revision of 
his series of textbooks to meet the iucreased demands of the times. 

In 1800, before Olney was connected with the university, the terms 
for admission were — to tbe classical course, arithmetic, and algebra 
through simple equations; to the scientific course, arithmetic, algebra 
through quadratic equations and radicals, and the first and third books 
of Davies' Legendre. lu 1864 quadratic equations were added to the 
classical course, and to tbe scientific course the fourth book of Legen- 
dre. In 1867 tbe requirements for the classical course were raised so 
as to equal those in the scientific course, bnt iu the following year quad- 
ratic equations were temporarily withdrawn. The fifth book of Legcn- 
dre was added iu the scientific course in 1869. In 1870 all of Legendre 
was required, and five books in the classical course. In the next year 
arithmetic, Oluey's Complete Algebra, and Parts I and II of Olney's 
Geometry (including plane, solid, and spherical geometry), were the 
[airements in both courses. }Sq changes have been made since. . 
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Tbo college curriculum in 1854 was, for both courses, algebra, geom* 
etry, trigonometry, analytical geometry, and calculus. The next year 
calculus was withdrawn from the classical course, but was reinstated 
in 1864, and in 18G8 was made elective. In 1878 all courses except 
those for the degree of B. L. (English) embraced calculus. In 1881 the 
B. L. course included trigonometry. Since then calculus has been 
elective in all courses except the scientific. Analytical geometry has 
been added to the B. L. course. 

During the last eight or ten years the ^' university system " has been 
growing rapidly at Ann Arbor. Mathematical studies of university 
grade have been offered. Determinants, quaternions, and modern ana- 
lytical geometry were first announced in 1878; higher algebra in 1879; 
synthetic geometry and elliptic functions in 1885; theory of functions in 
1886 ; differential equations (advanced) in 1887. The calculus of varia- 
tions (probably as much as is contained in Church's or Courtenay's 
Calculus) was announced first in 186G. 

The textbooks which have been used at the University of Michigan, 
at difierent periods, are as follows : 

Algebra. — Davies' Bourdon, Ray'e— Part II, Olney's Univenity Algebra, NewcomVs 
College Algebra, Cbas. Smith's Treatise on Algebra, Salmon's Higher Algebra, Bom- 
side and Panton. 

Determinants,— MniTf Scott, Dostor, Peck. 

Geometry, — Daries' Legendro, Olney, Ray. 

IMgonometry, — Da vies' Legend re, Loomis, Olney. 

Sjfnthetio Geometry.— Reye, Steiner. 

Analytic Geometry. — Davies, Loomis, Cburcb, Olney, Pcirce's Carres, Fanotiom, 
and Forces, Cbas. Smitb, Salmon, Frost, Aldis, Whitwortb, Clebscb. 

Calculue, — Davies, Cbnrcb, Loomis, Conrteuay, OInoy, Price, Todhnnter, WilllMii- 
son, Jordan. 

Differential Equationa, — Boole, Forsyth. 

CaUmlueof FaHafione.— Todbanter, CarlL 

Qiialamlofie.— Eelland & Tait, Hardy, Tait. 

£lliptio Function8.—D}iT6ge, Bobek, Jordan. 

Prof. G. 0. Comstock, of the Washburn Observatory, gives the fol- 
lowing reminiscences of the mathematical instruction at Ann Arbor:* 

<' I entered the University of Michigan in the fall of 1873, with a 
preparation in mathematics consisting of arithmetic, elementary algebra 
through quadratic equations and iucludiug a very huirried view of 
logarithms, and plane, solid, and s])herical geometry: The mathemati- 
cal course given in the university at that time comprised, in the Fresh- 
man year, Olney's University Algebra, inventive geometry (consisting 
of an assignment of theorems for which the student was expected to 
find demonstrations), and plane and spherical trigonometry. In the 
Sophomore year, general geometry and differential and integral calca- 
Ins. Descriptive geometry was required of engineering studentSi and 
was occasionally taught to others. 

* Letter to the writer, NoTomber 6, 1888, 
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"TbeFresbtnen were taught by iuxtmctorB, usually young men of not 
mach experience in teaching, but oiico a week they (the etudeuta) went 
op to Professor Oluoy for » review of the week's work, and these occa- 
sions were the trials of !^ Freshman's life. Olney's stern and rigid discipUns 
had won for hira among stadents the sobriquet " Old Toughy." He was 
not, however, a harsh man, and although the students stood in aive of 
him I think that he was generally liked by them. One featare of the 
weekly reviews may serve to illustrate his discipline and his power of 
enforcing it. He iusisteil upon the attention of each student being given 
lo the demonstrations and esplimatious which the person reciting was 
engaged upon, and given so closely that the latter might be stopped at 
mj point and any other student required to take up the demonstration 
at tbat point and carry it on without duplicating anything which had 
already been given. 

"The University Algebra given the Freshman class contained an 
elemeotary view of iuhuitesimals, extendiu<; to the did'urentiation of 
algebraic fnoctions and the use of Taylor's formula; and alsoa presen- 
tadoD of loci of equations, by whicli the student became familiar with 
the geometrical representation of au equation. The Sophomore thaa 
came to this study of general geometry and calculus with some prelim- 
inary notions of these subjects. The study of the calculus was elective, 
but every Sophomore was required to take an elementary course in gen- 
eral geometry, and to make use here of tbe priociples of the calculus 
which he had learned as a Freshman. 

" Professor Olney's tastes were dectdeiUy geometrical in character, 
and lie constantly sought to translate analytical expressions into their 
geometrical equivalents, and much of his success as a teacher is prob- 
ably due to this. 

" Professor Beman, on the other hand, is au analyst, a 'lightning 
mstbematician ' in the student vernacular, and, in my day, the facility 
vith which he handled mathematical expressions dazed and disoonraged 
the stadent, who osually felt tbat ha did not get much irom Professor 
BemaD. 

"The oritioism which I should now make upon tbe mathematical 
teaching which I received, is thatlittleorno attempt was made to point 
oat tbe applications of mathematics, and to encourage tbe student to 
apply it to those numerous problems of physical science, of eRgioeering, 
and of navigation, which serve as powerful stimulants to the interest. 
The student was taught how to solve a spherical triangle, and how to 
look out logarithms from a table, but was never required to solve snob 
a triangle and obtain numerical results. 

" The text-books in use were tboso written by Professor Olney, none 
other being employed even for reference- There were no mathematioal 
clal» or seminaries, and no facilities offered iot the study of 
a beyond the prescribed ooirioalDiD.'' 
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Profeaaor Oliiey is tlie aathor of a complete aet of matliemaHcal 
test-books, which have displaced the works of Davies, Loomis, and 
Kobinsoo in man; schools, both iu the East and ia the West. TTift 
works are quite distinctive in the arrangement of snbjects, and mark a 
decided advance over the other books just named. In the explanatory 
notes added here and there, in the tabular riewa at the end of chapteis, 
in the judicious selection of examples, we see the fruits of long experi- 
ence in the class-room. Hia books exhibit him in the light of a great 
teacher rather than a great mathematician. He was greatly aided la 
his work by Professor Beman, who prepared all the "keys" to the 
mathematical books, and did a great deal of critical work. It has been 
stated that Professor Olney could never get bis publishers to print the 
books in the form which seemed tfae most perfect to him. He consid- 
ered the traditional classification of mathematical subjects very defect- 
ive, and wished to write a Syat«m of Mathematics in which be could 
embody his own ideals on this point. lie thought, for example, that 
a considerable part of algebra shonld be taught before taking op the ad- 
vanced parts of arithmetic, such as percentage and ita applications, 
and that plane geometry should precede meDsnration iu arithmetic. 
By discarding the nsnal division of mathematics into separate volumes 
on arithmetic, algebra, geometry, etc., and by writing a system of math- 
ematics he hoped to introduce great improvements. The publishers, on 
the otiier hand, preferred the traditional classification, as the booka 
would then meet with larger sale. Professor Olney was thus hampered, 
to some extent, in the execution of his ideal scheme. 

In his published works, the science of geometry is brought under two 
great heads, Special or Elementary Geometry, and General Geometry. 
The former consists of four parts : The First Part is an empirical geom> 
etry, designee! as an introduction, in which the fundamental facta are 
illnstrated but not demonstrated- The Second Part contains the ele- 
ments of demonstrative geometry, designed for schools of lower grade. 
The Third Part was written to meet the B|>ecial needs at the Dniversity 
of Michigan. It was studied in the Freshman class by students who 
had mastered the Second Part. The effort is made here to enooorage 
original research. This part contains also applications of algebra to 
geometry, and an introduction to modern geometry. The Fourth Part 
consists of plane and spherical trigonometry, treated geometrically. 
The old " line-system " is still retained here- 
General Geometry was intended to be developed by him in two sep- 
arate volumes, but only the first was published. The first treats of 
plane loci, the second was intended for loci in space. This first vol- 
nme may be very roughly described as covering the field generally oo- 
cnpied by analytical geometry and calculus. Olney favored the in- 
finitesimal method, which ho nscd also in his Elementary Geometry, 
where he permits the uumberof sides of a regular polygon oircam- 
acribed aboat a circle to beoome " iofioite," aud to coinoide with.,i 
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ciTcle. We are glad tliat this method is at the present time being more 
and more eliminated from elementary text-booka. It is worthy of note 
Ibat in Ilia calciilns Oluey grVea the elegant method, discovered by 
if, James 0. Watson, of demonstrating the role for differentiating a 
■ritbm withont the use of seriea. 

In some courses the subjects have been taught oxcbisively by leotnres, 
but the preaent tendency is to use the beat t«zt-book available, and 
Bopptement it with lectures as may be fouud advisable. Of late years 
a good deal of attention has been gi ven to the careful and critical read- 
log of such works as Salmon's Oouio Sections, Higher Algebra, Geom- 
etry of Three Dimensions, Frost's Solid Geometry, Jordan's Cours 
S Analyse, Forsyth's Differential Equations, Price's Caicalus, Carll's Cal- 
cnloi of Variations, Bornside and Panton's Theory of Equations, Eeye's 
Qeometne der Lage, Steiner's Vorlesungen iiber aynthetiscke Oeometrie, 
Olebsch'a Vorlesujigen Uber Qeometrie dcr Ebene. It is thought that 
better results have been secured in thia way than when the student's 
attention is largely given to the taking of notes. 

Since the death of Pt-ofesaor Olney, Professor Beman has been filling 
Uie professorship of mathematics. He graduated at the Uuiversity of 
Michigan in 1870. Excepting the first year after graduation (when he 
vas instructor iu Greek at another iustitution), he has been teaching 
continually at his alma mater — from 1371 to 1S74 as instructor in math- 
ematics, then aa assistant professor and as associate professor of math- 
ematics, and, finally, as full professor. Ue has done much toward 
introducing the " university system " in his department, and has beeu a 
contributor to our mathematical joitrnala, particularly to the Analyst 
and tUo Annals of Mathematics. 

For several years Charles ^. Jones has been professor of applied 
matbemattca. He has been a very saccessful teacher of mechanics. 
Professor Beman has two or three assistants in the department of pure 
mathematics. 

A mathematical club was organized in 1SS7. It is under the control 
of the students, but an active interest ia continually shown by the 
varions instructors. Papers of sonne length are presented, problenutfl 
discassed, eto. ■ 

UNIVERSITY OF WISCONSITf. ^ 

The University of Wisconsin was organized in 1848, and formally 
opened in 1850, A preparatory department was established iu 1849, and 
it was not till ISut that regular college classes were formed. Like mosi 
other State aniveraities, the University of Wisconsin had a hard strng. 
gle for existence during its early years, OurStale Legislatures did uoi 
always pursue a wise course toward their higher institutious of learn- 
ing. The lands which were granted to the States by the General Gov- 
ernment for the support of higher education were disposed of in a man- 
1^ JiBT intended to " encourage immigration," rather than to foster a gce«t 
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^m nni^ersitj'. Bat ia later years, say siDce 1S75, the policy of the WU- 
^H codbIq Le^slatare lias bc«ii much more liberal, and the uDiversity bas 
^^ been advancing with prodigious strides, 

The first professor cooneeted with the institation was JoUu W. Ster- 
ling, lie WU3 the teacher in the preparatory department, which vaa 
started in 18i9, in a small building, before the university bad any large 
bnildings of its own. After the college department ;vas organized, 
Sterling became professor of mathematics and natural philosophy, whicli 
position be retained until aboutISC7, when a separate chair was created 
for physics. From that time on until June, 1881, be was professor of 
mathematics. 

Professor Sterling was born July 17, 1816, in Wyoming OouDty, Pa., 
and died in March, 1886, at Madison, Wis. He was graduated at the 
College of New Jersey In 1840, and at the Princeton Theological Semi- 
nary in 1814. His mathematical and astronomical iastrnction at Priaoe- 
ton must have been received from Prof. A. B. Dod and Prof. Stephen 
Alexander. He went to Wisconsin in 1S46, and became profeaaor in 
Carroll College, Waukesha. Three years later he entered upon bia long 
career aa professor at the University of Wisconsin. For one-third of a 
century he was connected wiih that institution. Never did man work 
more faithfully than did he fur its advancement. When the university 
was passing throngb the "Sturm und Drang Periode,^ and when it was 
withoat a head, be more than once, as dean of the faculty, aasumed tlie 
duties of president. lie was a man of industry aud energy, and was 

I ready to teach any branch, on an emergency. Among the students he 
was popular. He encouraged fainthearted students, took them to his 
table, lent or gave them money when he had little himself. He invaria- 
bly treated students like gentlemen of mature judgment and common 
sense. The great mass of stadents appreciated this, but occasionally 
there were, some too young to Oo so and who should have received 
severer treatment and more summary action. In his prime Professor 
Sterling was a man of great physical strength. During even his last 
yeare he walked as erect as a young man of twenty. 

He took a living interest in mathematics even duringthe last daysof 
bis life. Though he may not hav« kept pace with recent advances in 
this science, he had a good knowledge of such subjects as were treated 
in our ordinary American test-books. He never published any works 
of bis own. When Professor Watson, the astronomer, cam© from Ana 
Arbor to the Dniversity of Wisconsin, in order to take charge of the 
magnificent new observatory erected by the muniticence of Governor 
Washburn, an agreement was contemplated or reached between Wat- 
sou and Sterling to prepare jointly a series of mathematical text-books. 
E'g wonderful mathematical talent and Sterling's long exi>erieuce 
ling would, indeed, have made a strong combination, but the 
was frustrated l>y the UDtimel.v death, in 1880, of the great 
ner. 



IKPLCX OF FBENCH MATHEMATICS. 255 

In tlifi clnss-rooin Sterliog's discipline was characterized by ^reat 
tDfldsess. ne would carefully ospl«iu to the class the principal parts 
of each lesson. I£ceiiintliu last year of lii» teadjiugliispreleotioiiswere 
always very clear, and any stndont who felt a desire to understand the 
sabjects which he taught, could certainly do bo by following the exposi- 
tion given in the class. While Professor Sterling always explained well, 
be was, in his lant years at least, aot suffioiently exacting; be would 
not compel a boy to study. The coQSGqueuco was that some got from 
him a good knowledge of elementary mathematics, while others took 
advantage of the professor's lenieucy. in caletilus he taaght both the 
method of limits and the infinitesimal method. The text-book was 
based on the former, but Professor Sterling rather favored the latter. 
The pnuciples of the cidculua were act always unfolded with desired 
rigor, and not nufrequently sume of the best scholars in the class shook 
their beads at the nuceremouial rejection of quantities, simply because 
they were very, very small. 

Among students Professor Sterling went by the familiar name of 
"Johnnie." In 1881 he was made professor emeritns of mathematics. 
Though his active duties in the class-room oeased at that time, be con- 
titraed to take a living interest in all matters pertaining to the nniver- 
ifty to the end of his days. 

We are not able to give the courses in mathematics during the early 
days of the university. During the li^t years of his teaching Professor 
Sterling used Louinis's works throughout. From a communication 
received by the writer from Prof. Jainos L). Butler, it would appear that 
the works of Loomis were the first ones taught in pure mathematics by 
Professor Sterling. In algebra he used Loomis, afterward Duvies, and 
then again Loomis. In conic sections he used at one time the work of 
OofQn. "Smith's Analytic Geometry" is also one of the books men- 
tioned. This was most likely F. U. Smith's translation of Blot. Other 
books mentioned are Peck's Mechanics, Itobiuson's Astronomy, Suell's 
Olmsted's Astronomy, Snell's Olmsted in optics and pneumatics, and 
Loomis's Oalcnlns. 

In 187(t-77 the Fresnmen studied Loomis's Algebra, beginning with 
quadratics, Loomis's Geometry, Loomis's Plane Trigonometry. The 
Sophomores were instructed in Loomis's Conic Sections and Analytic 
Geometry, Practical Surveying (six weeks), and Calculus. This ended 
the conrse in pure mathematics, The Juniors wore offered Peck's Me- 
ehauica and " lectures." The mathematical conrse for engineering sta- 
dents embraced also descriptive geometry (Church). All students were 
required to pursue mathematics through analytic geometry; the cal- 
culus was elective except to si odent« iu civil and mechanical engineer- 
ing. Until about the year 1878, Williiim J. L. Niaodemus was professor 
ef military science and civil and mechanical engineering. He was 
ipoben of by students as a man of great ability in his line. On the 
death of If ioodemus one of hia pupils, Allan Uarat Conover^ aBROiosA. - 
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charge of tlie department of civil engiaeering. In meohauical eagf- 
neeriDg the instructiou fell iuto ttie handa of Storm Bull, a relative of 
the celebrated Ole Bnll. Prof. Storm Bull studied at the Polyteohni- 
cum in Zurich, Switzerland, and ia a thorough master of the subjects 
which he teaches. Descriptive geometry has Ijceu taught by him ever 
sioco his oounectiou with the university. 

Od Sterling's retirement the management of the mathematical de- 
partment was entrnated to Charl«s A, Van Velzer, ayouug man who 
for throe years had listened to the inspiring words of Professor Sylves- 
ter at the Johns Hopkins University. Vau Velzer graduated at Cor- 
nell University in 187C. After hiiving beeuinstrnctorat his almamater 
for one year, he went to the Juhns Hopkins University, where be was 
honored with a fellowship in matbematies. His power for original re- li 
search ia exhibited in his contributions to the American Journal of I 
Mathematics (on " Compound Determiuauts "), the Johns Hopkins Uoi- ' 
versity Circulars, the Analyst, ami the Mathematical Magazine. 

Id the fall of 1888 appeared, in two separate volumes, a preliminary 
edition of Vau Velzer and Blichtet's *' Course in Algebra." Slichter is 
assistant professor of mathematics at the nniversity. This book ia 
DOW nsed in the Freahman class. The preliminary edition was gotten 
np for the purpose of being tested in the class-room. After the test, 
such revisions will be made as experience may seem to require. In the 
regular edition the two parts will be placed together in one volnme. 
The work is not intended for beginners, but for students entering the 
Freahman class of our colleges, who already possess a fair knowledge 
of the elements. It impresses the progressive teacher as being differ- 
ont from most other works, and of great excellence. Many an anti- 
quated and traditional notion has been thrown overboard, and many 
new features have been introduced. They have uot beeu adopted 
simply for the sake of producing a book different from others ; on the 
contrary, the anthers have profited by what seemed good in other alge* 
bras. 

The firat volume of Van Velzer and Slichter's Algebra embraces, in 
addition to the usual subjects, the theory of limits and derivatives. 
In the treatment of series tlie authors not only state, but emphastzo the 
fact that infinite series mnst be convergent in order to be nsed with 
safety. Some teachers might doubt the expediency of introducing 
Taylor's Formula into a book on algebra on account of the difflculty 
encountered in a complete and rigorous proof of it. 

The secoud volume contains chapters on imagiuaries, the discussioD 
of the rational integral function of J, the solution of numerical equations 
of higher degree, graphic representation of equations, auddetermiDanta. 
These five chapters cover 75 pages. The treatment of these subjects 
appears to us admirable. Not more is given on each subject than can 
bo oouvcniontly tanght in any college whose pupils possess a thorough 
__ knowledge of algebra through quadratics before entering the Freshog^^^ 
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etass. A pleoaftnt feature of the work is the occasiooal "historii 
notes," This is the first American work on algebra, as far as we knoirj 
which Btates explicitly that the logarithms iuvented by 14'apier are dif 
ferent from the natural logarithms. 

The strongest feature of this algebra is its style- Students who Lave 
been iu Professor Van Velzer's class room will perceive that his great 
power of oral explanation and elucidation has been happily transferred 
to the printed page. Nowhere is the language of the book above the 
oompreheusioD of ordinary stadents. The objective method of explana- 
tion is adopted throughout. 

To Professor Van Velzer belongs the credit of introducing the mod* 
em higher mathematics into the University of Wisconsin. The writ 
knows of a student of groat taste for mathematics, who studied Loomis's 
Calcalns in the year preceding the arrival of Van Velzer, in Madison, 
and who labored under the impressioii that he had mastered about all 
that was to be known iu pure mathematics. lie was no little surprised 
when the new professor, fresh from the Johns Hopkins University, began 
to talk about determinants, quaternions, theory of functions, theory of 
numbers, and multiple algebra. The student's pride was wounded when 
he learned that Loomis's Calculus eould convey only a very meagre 
tnowledge of the transcendental analysis. 

In 18S3 some alterations were made in the mathematical require- 
ments for admission. During the years immediately preceding, the 
requirements for all the courses of the university had been, arithmetic, 
ttgebra through quadratic equations, and piano geometry. At the 
time named above, solid geometry waa added to the reqaisitions for all 
regular courses in the university except the " ancient classical." 

The nniversity bas established close and friendly relations with the 
high schools in the State, and the number of "accredited high sebools" 
is now fifty-six. Of these only six, however, prepare students for alt 
courses in the university. This intimate relation with the high schools 
has bad a wholesome influence upon both the university and the high 
schools. 

As regards the regular classes of mathematics in the college, we may 
say that since the retirement of Professor Sterling, Loomis's Algebra 
has been retained until 1883, Now, Van Velzer and Sllchtcr's Algebra 
is used. In trigonometry, Wheeler's work was in troduced in 1882. Be- 
fore that time Loomis's was taught. In solid geometry, Weutworth'B 
has been used lately, in place of Loomis's. In analytical geometry, 
Loomis's work was superseded some years ago by the English work of 
Smith. In calculns. Professor Van Velzer has taught Byerly's, but this 
year (1888-89) he is using Newcorab's. 

Id the Sophomore year, and more especially in the Junior and Seoior 
years, the elective system has been in operation, with some restrictions, 
Since 1881 elective studies in pnre mathematics, covering the caloalos 

d other branches, have been offered every year. Tteie Via.';* si-««3» 
831— 2fo.3 17 
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been students irith a taste for the higher brnnchea of mathematics. In 
later years the attendance npon these branches has been on the increaso. 
In the winter term of 18S1-S3 determinants were taught for the first 
time at the University of Wisconsin. In the spring term was organized 
a class of five or six students in qnaternions. Hardy's text-book was 
used. Lately Professor Van Velzer has preferred the work by Kelland 
and Tait. Daring the year 1SS3-S3 there was an elective class of alwnt 
the same nnmber as the preceding, studying Boole's Differential Equa- 
tions. Professor Van Yelzer's constant aim was to indnoe stadent« to 
do independent work. He was always glad to listen to saoh modified 
treatment of the lesson in the book as the student might think of. This 
method of coudncting the recitation gave rise to many interesting and 
profitable discussions. Considerable time was given to the sabject 
of eingalar eolations. The work of Boole was etill naed in 1887-S8, 
but £rom now on, that of Forsyth will be used, the former being oat of 
print. 

The special coarses in pare mathematics during the last two yean 
have been as follows : Class of two students in Boole's DiCTerestial Equa- 
tiona in the fall term of 18S6-87, three hours per week ; class of two in 
the same text-book, winter term of 1386-87, two hours per week ; oloas 
of six in modern algebra (no text-book), winter term of 18S6-87, three 
hoars per week ; class of six in Uoole's Difierential Equations, winter 
term of 1887-88, three hours per week ; class of three in Boole's Difi^ 
ential Equations, springterm of 1887-88, three hoars per week; olass 
of six in Kelland and Tait's Quaternions, springterm of 1837-88, three 
hours per week ; class of seven in Smith's Analytical Geometry of Three 
Dimensions, fall term of 1887-S3, three hours per week; class of three 
in quantics (Salmon), fall term of 1887-88, two hours per week. 

It is the practice at the University of Wisconsin to give special honors, 
upon the recommendation of the professors io the several departments, 
to the candidates for the bachelor's degree who have done special work 
under the direction of the professor of any department and prepared 
an acceptable thesis; bat the amount of work required for a special 
honor must be at least the equivalent of a full study for one term, and 
in case of those branches in which there are longer or shorter elective 
courses, the student must have taken the longer course. It has been 
specified, furthermore, that candidates for special honors must have a 
general average standing of 85, and one of 93 per cent, in the de- 
partment of which the application is made. 

The nnmber of special-honor students in mathematics in late years 
has been quite as groat, if not greater, than in any other department, 
though the studies of this department are, to say the least, as difficult 
as those of any other. In the class of '83 there were three special-honor 
men in mathematics. The titlesof theirthesea wereasfollowa: "Singu- 
Jar Solutions of Differential Equations,'* "Pole and Polar and Beoipiocal 
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Polars in Carves and Surfaces of the Second Order," and " Development 
and Dissection of Kiemann's Surfaces." Should it be claimed that these 
theses are the work of immatare stodents, then we may answer that 
for candidates for the bachelor'a degree they are nevertheless creditable. 
The writer of the first thesis (L. M. Hoakins) is now doing excelleot work 
as instractor in engineering at the naiversity. The writer of the second 
thesis (L. S. Hulburt) is now professor of mathematics at the ouiver- 
sity of Dakota. M. Updegraff, of the claaa of '84, wrote a thesis on 
" Resultants." He holds now a responsible position at the Kational 
Observatory at Cordoba, Argentine Bopablio, Sonth America. Titles 
of later " special-houor theses" are, "Approximation to the Roots of 
Sfumerioal Equations," "Maxima and Minima," "On the Equation 
sin my. cos ny = sin mx. cos nx,'" " Different Systems of Oo-ordinates." 
These thesea are certainly indicative of a healthful activity ia the 
nnder-gradnate mathematical department. 

For special studies pursued after graduation and the presentation of 
as acceptable thesis, the degree of Master is conferred. The following 
are the titles of two theses written to secure the degree of " master of 
idenco in mathematics; " "The Hodograpb," " On a Quadratic Form" 
(in the theory of numbers). 

The present courses in mathematics offered at the University of Wia- 
consin (catalogue 1887-83) are as follows: J 

Sobconrae I, Algebra. Five exorcises a week daring tlie fall tena, (ProfoaMtl 
T»Q Telzer and Mr. Slicbter.) 
Eeguired of Frahmett In all eoartei. 

BabcoQTBO IT, Thforg of Equaliom, inclading tho elements of determiiiftiita, and 
ifnphio algebra. Five sieTcisea a week dnriag the wintet term. (Profeflaor Van 
Felier aud Mr. Slicbler.) 
Btqitir*d of Frethmen in the Modern Claeileat, English, GcKeral SciMce, and Engineering 

Saboaane 111, Solid GMmetry. Five eiercifleB a week during ihe winter term. 
(ProtoBSor Van Velzer or Mr. 81ichter. > 
Btjairtd of F^eihmen In tht Ancient CliuiUat Count. I 

8ubc«atBe IV, Trlgononstry. Five exetciaes a week du.-ingtlie Bpring term. (Pra* * 
r«Bwr Tan Velzer and Mr. Sliohter.) 
bjKirwi of FrttKmen in all oouriti. 

SabcoarHO T, Deneriptive Geometry, The topics taagbt embrace the projeetlon of 
lines, planes, surfaces, and enliils, the iateraecCion of eaoh of these witb any one of 
the otliers, tangent lines to curves and surfaces and tangent planes to Buifaoes, ptob- 
Ifms )□ shades and sbadowB, of lines and surfaces, linear perspective and isom><tno 
pToJf^ctiun. The class-room exorcises are accompanied b 7 work in the draughting 
monj. The teit-book used is Church's Descriptive Geometry. Full study daring the 
s^ag term, Fresbmaa year, and three-fifths atudy daring the fall t«rm, Sophomore 
r«ar. (Professor Bull,) 
Btqairtd of Ftahnrn in Civil anil Mfohanical BngtaMrtng, Eleetive for other $lndenti. 

gnboonrse VI, JnalifCia Ocomelrif. Five exercises a week during tbo fall term. 
(FrofMsot Taa Velxer.) 
Btfirtd of engineering Sophomores and leienlljlo Sophomore) trko purme mathemattoat, 

fkgtkat, or otlToaoinioat etudiee. Bkotlte/or other tludenta. 
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BobooaTEM YII, Difftreitial Caleulai. Fire exercises * week datlag the winter 
term. (Professor Van Velier.) 
Bequired of tnginefring Sophamoret aa4 icientifie Sophonorei who pariut tnalhmatieal, 

phytical, or OMlronomical itudiet, Eleclivt for othtr itaienll. 

Snbooune Till, Integral CaXcalat. Five eieroiees a week dnriog the spring term. 
(Profesaor Van Velier.) 
Bequirfd of engintfrijtg SophomOTBi ani Boitalifie Sopkomorti n>ho purnitmathettaHeat, 

fhgiical, or atlrononiait itadUa. BlecUvc for oilier iludenlt. 

Sabeonrsa XIX, Method 0/ Lefiit Squarei. This is a course in the theory of probftbll- 
Itiea SB applied to tbe adjustmeiit of errors of obserTatioii. It will be flrst given in 
l?fi9. Must be proceded by enbcoursea VI, VII, and VIII, three-fifths study daring 
the wiuter term. (Mr, noskins.) 
Be^aireil vj Seniors tn Civil Engineering. 

Sabcnuntes IX to XVIII, special advanced electiro. Courses Taryiog Ccom year to 
year ace offered in the following subject* : DC, Modem Aiialglic Geonetri/ ; X, Higher 
Plane Curvet; XI, Geometri/o/ Three Dimeneione ; XII, Differential [Eqvaliona; XIII, 
Spherioal Harmonic* ; XIV, Elliptio Functions ; XV , Theory of FancUoni ; XVI, Tkecry 
0/ Kimberi; XVII, Quanlia; and XVIII, Quaternion,. 

Very good work haa been done, at times, by students in the depart- 
ment of mathematical physics. Prof. John E, Davies, the professor of 
physics, takes a living interest in pure as well as applied mathematios. 
His roadiug in pore mathematics has, indeed, beeu very extensive. 
Mathematical reading is a recreation to him. He would not quA«- 
quently take with him some mathamattcal work — as, for instance, Tail's 
Quaternions — to faculty meettngs, that ho might pass pleasantly tbo 
otherwise tedious sessions of that august assembly. Many years ago be 
made, for bis own use, a complete translation of Koenigsberger's work 
on Elliptic Pnnctiona. 

Tbe university offers excellent facilities for the study of astronomy. 
The Washbnrn Observatory Las a large equatorial for nse in original 
work, and also a smaller one for the use of students. After the death of 
Professor Watson, Professor Iloldon became director of the Observatory. 
He held this position until his appointment as director of The Lick 
Observatory. Prof, George 0. Comstock is now professor of astron- 
omy and associate director of the Washburn Observatory. Professor 
Comstock is a pupil of Watson, and came to Wisconsin from Ann 
Arbor with Watson. Before assnming the duties of his present posi- 
tion he was for two or three years professor of mathematics and astron- 
omy at the Cniversity of Ohio. 

The instraction in analytical mechanics is in charge of Mr. L. M. 
Hoskins, a young man of very marked mathematical talent. He grad- 
nated in 1883 at the head of n class of sixty-five, and was afterward 
appointed fHIow in mathematics in Harvard University. Through hia 
influence, the study of analytical mechanics bad been made much more 
prominent in the engineering courses than it Lad been formerly. Two 
terms are now devoted to it instead of only one. Bowser's Elements 
of Analytical Mechanics is the text-book nsed. 

Mr. lluskiiis has contributed to the Annals of Mathematics, tbe 
iMalhetaatical Magazine, and Yau SosltawVa Eusineeriiig, Maff 
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resident DAniel 0. Oilman ouce said to tbe trustees of tho Johns ^^^ 
Hopkins Univoraity, when the question of " How to begin a university " I 

was upon tbeir minds, " Enlist a great mathematician and a distin- 
guished Grecian ; your problem will be solved. Siicli mea can teach ia 
adwelliug-liouse as well as in a palace. Part of the apparatus they 
will bring, part we will furnish, Other teachers will follow them."* So 
it came to pass that, before there were any buildings for classes, a pro- 
fessor of mathematics and a professor of Greek were secured for the ,^^B 
new university. i^^^ 

When President Gilman was engaged in the all-important work of '^^| 
selecting men for the above positions, bo may have been actuated in his 
choice by thoughts similar to those of Prof. G. Chrystal, who, before a 
learned body of English scientists, once expressed himself as follows :f 
" Science can not live among the people, and scientific education can not 
bemore than a wordy rehearsal of dead text-books, nnless we have living 
contact with the working miuUs of living men. It takes the band of God 
to make a great mind, but coutact with a great mind will make a little 
nuDd greater. Tbe most valuable inatrnction in any art or science is to 
jitat tbe feet of a master, aud the next best, to have contact of another 
who has himself Iwen so instructed." 

Is there a student among us who has studied with Sylvester and who 
will deny the truth of the above T la there a mathematician, who has 
tat as a pupil at the feet of Benjamin Peirce, who will deny it ? It is a 
fortunate circumstance for the progniss of the exact sciences in this 
country that, at a time when the " Father of American Mauhematics " 
was approacliiug his grave, there came among us another master who 
gave tbe study of mathematics a fresh aud powerful impulse. Profes- 
sor Sylvester is a mathematical genius, who has no superior in Eng- 
land, except, perhaps, Professor Cayley. 

James Joseph Sylvester was born in London in 1814, and was edu- 
cated at the University of Cambridge. He came to this country to fill 
tbe professorship at the University of Virginia when he was » very 
young man, but his stay among ns tben was very short. lie became a 
member of the Koyal Society at the age of twenty-flve. For some time 
h« was professor of natural philosophy in University College, London. 
In 1865 he became professor of mathematics in the Itoyal Military 
Academy at Woolwich, and in 1876 was elected for the ponition at the 
Johns Hopkins University. 

Sylvester's activity has been wonderful. Prior to 1803 ho published 
112 MiientiGo memoirs, which are recorded in the Boyal Society's Index 
ft( Bcientilio Papers. A most important paper, printed in the PLilo- 

■Anonalreportof the prealiieiit of tlio Johns HopkitiB UnirerBity, 18fH, p. 29. 
iSatiire, September 10, ISA'i, Soction A ol Btlt. ABsocatioa, upenlug addreu by 
Pnf. O. CliryBtiil, president of the BDction, 
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eophical TransajjtiODS of 1864, is Sjlveater'a TLeorem on Newton's Bole 
for discovering the miniber of real and imaginary roots of an equation. 
Of this Toiilinnter says : " "If we consider the intrinsic beantj of the 
theorem, • • • tlie interest which belongs to the rule associated 
with the great name of Newton, and the long lapse of jesrs daring 
which the reason and extent of that rule remained undiscovered by 
mathematicians, among whom Maclaurin, Waring, and Enler are ex- 
plicitly included, we must regard Professor Sylvester'a investigations 
made to the theory of equations in modern times jaatly to be ranked 
with those of Fourier, Sturm, and Canchy." A few of his nomerons 
otheriDveetigatious, made before coming to Baltimore, are on the Bota- 
tion of a Rigid Body ; on the Analytical Development of Freanel's 
Optical Theory of Crystals; on Keversion of Series; on the Involation 
of Six Lines in Space, "culminating in the result that if these six lines 
represent forces in equilibrium tlieymust lie on a raled cubic surface;" 
on a general theorem by which, for instance, the quintic can be ex- 
pressed an the sum of three fifth powers. In 1859 he gave a conrse of 
lectures at King's College, London, on the subject of The Partitions of 
Numbers and th? Solution of Simultaneous Equations in Integers, in 
which it fell to his lot " to show how the difficulties might be overcome 
which had previously baffled the efforts of mathematicians, and espe- 
cially of one bearing no less venerable a name than that of Leonard 
Ealer," and also laid the basis of a method which has since been carried 
ontto a much greater extent in hia " Constructive Theory of Partitions," 
published in the American Journal of Mathematics, in writing whldi 
he " received much valuable co-operation and material contributioas" 
from his " pupils in the Johns Hopkins University." t 

Professor Sylvester's most celebrated work has been in modern faigber 
algebra. A very large portion of the theory of determinants is dne to 
him, and the epoch-making theory of invariants owes its origin and 
early development almost exclusively to his genius and that of Pro- 
fessor Cayley. 

The Johns Hopkins University offered to Professor Sylvester every 
facility for original work that could be desired. By the system ol 
"fellowships" a number of talented young men were drawn to Baiti' 
more, who were capable not only of understanding the teachings 
their great master, but, in many cases, also of aiding him in his re- 
searches. The nniverBity, moreover, started the American Journal 
Mathematics, in which all Investigations iu mathematics conld be pnb' 
lished and thereby brought before the mathematical public. Profossor 
Sylvester's time was not taken up by the usual routine work iu school, 
bat was almost wholly given to the pursuit of his favorite sabjects. 
He lectured, perhaps, two or three times per week, but these lectures 
generally disclosed some new discovery in algebra. 

* Theory of Equations, page 250. 

tIaAngarAl Lecture doUvetoil by PcofeaBar Silvester before the University of Ox- 
I An/, December 12, 1885, .pabliahed in Sfttom, Jaistiki^ 1 , \^^. 
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Thon^h he bad passed hia sixtieth year before he came to the Johns 
Hopkins Uuiveraity, bis mind seemed to be as strong and active as 
ever. The group of etndents be had gathered aboat him were almost 
oonstantly made to feel the glow of new ideas or of old ones in a new 
forta. From 1877 to 1882, Professor Sylvester contribnted thirty arti- 
cle* and notes to the American Jonroal of Mathematics ; twenty-two to 
the Comptea Rendua de VAoadimU des Sotences de VInstitut de Ftance ; 
one paper to the Proceedings of the Royal Society, "Ud the Limits to 
the Order and Degree of the Fundamental Invariants of Binary Qnan- 
tics" (1878); fonr to the Messenger of Mathematics; four to the Lon- 
don, Edinburgh, and Dublin Philosophical Magazine; six to the Journal 
fir reine und angewandle Mathematitc, Berlin, • If this list bo complete, 
the number of original papers published by him while at the Johns 
Hopkins University was sixty-seven. Special mention may be made 
here of a proof by Professor Sylvester, printed in the Philosophical 
Uagazine for 1878, of a theorem on the number of linearly independent 
differenti ants, which had been awaiting proof for over a quarter of a 
eentnry. He was led to undertake the investigation of this subject by 
k question put to him by oue of his students in connection with a foot- 
Bvte given at one place in Fail de Brano's TMorie de* Formet Binaires, 

Since his return to England, Sylvester liaa been developing a new 
■abject, which ho calls the " Method of Beciprocants." The lectures 
which he delivered on this subject at the University of Oxford have 
been reported by Air. Hammond and published lu the American Jour- 
nal of Mathematics. 

Sylvester has mannfaetured a large number of technical terms in 
mathematics. He himself speaks on this point as follows : " Perhaps 
I may, without immodesty, lay claim to the appellation of the mathe- 
matical Adam, as I believe that I have given more names (passed into 
general circnlation] to the creatures of the mathematical reason than 
all the other mathematicians of the age combined."t 

In his writings, Professor Sylvester is often very eloquent. His style 
is peculiarly llowery, and indicative of very powerful imagination. 
His articles are frequently interspersed with short pieces of poetty, 
either qnoted or of his own composition. Thus, in his article in Kature, 
January, 1886, is given a short poem, "Ou a Missing Member of a 
Family Group of Terms in an Algebraical Formula;" followed by this 
KQtence: "Having now refreshed ourselves and bathed the tips of 
our fingers in the Pierian spring, let ns turn back for a few brief mo- 
meotA to a light banquet of the reason." 

Since the beginning of the Johns Hopkins University, twenty fel- 
lowships have been open annually to competition, each yielding Ave 
bnndred dollars and exempting the holder from all charges for tuition. 
This system was instituted for the purpose of affording to young meo 

•U. S. Bureau of Eiliicatiod, CircQlar gf Infgrmation Mo. 1, 1888, p. 220. 
_ t nature, Dec. 15, 1637, p. 152, note. 
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of talent an opportnnity of coutinuiug their BtadJes in tbe aniverei^, 
while looking forward to positions as professors, teaeliers, and investi- 
gators. They liare been given to gradaate stndents who showed partio- 
nlar aptitude for advanced woric in their chosen specialty. During 
the time when Sylvester was connected with the university there were 
nearly always three or four fellowships granted to mathematical stD- 
dents, bat, in recent years the number has been reduced to two, in con- 
sequence of an increase in the number of departments in the university, 
among which the fellowships must be divided. Amoug the flrst holders 
of fellowships in mathematics were Thomas Oraig (1876-7S), Qeorge B. 
Halsted (1876-78), Fabian Franklin (1S77-79), W. 1. Stringham {1878- 
80), C. A. Van Velzer (1878-81), all holding leading and responsible 
positions now, as professors of mathematics. 

Professor Sylvester's first high class at the new university consisted of 
only one student, G. B. Dalstcd, who had persisted iu urging Sylvester 
to lecture on the modern algebra. The attempt to lecture on this sub- 
ject led him into new investigations in quantics. In his address on 
Oommemoration Day at tbe Johns Hopkins, he spoke about this work 
as follows : 

"This is the kind of investigation in which I have for the last mouth 
or two been immersed, and which I entertain great hopes of bringing to 
a snccessful issue. Why do I mention it here I IE is to illustrate my 
opinion as to the invaluable aid of teaching to the teacher, iu throwing 
him back upon his own thoughts and leading him to evolve new i» 
suits from ideas that would have otherwise remained passive or dormant 
in his mind. 

"But for the persistence of a student of this university in urging 
npon me his desire to study with me the modern algebra I should never 
have been led into this investigation ; and the new facts and principles 
which I have discovered in regard to it (important facts, I believe), 
wonld, so far as I am concerned, have remained still hidden in tbe womb 
of time. In vain I represented to this inquisitive student that he would 
do better to take np some other subject lying less off the beaten track 
of study, sncb as the highor parts of the calculus or elliptic functions, or 
the theory of substitutions, or I wot not what besides. He stuck with 
perfect respectfulness, but with invincible pertinacity, to his point. He 
would have the new algebra (Heaven knows where he had heard about 
it, for it is almost unknown in this continent), that or nothiog. I was 
obliged to yield, and what was the consequence f In trying to throw 
light upon an obscure explanation in our toxt-book, my brain took fire, 
I plunged with re-quickened zeal into a subject which I had for ye^rs 
abandoned, and found food for thoughts which have engaged my atten- 
tion for a considerable time past, and will probably occupy all my 
powers of contemplation jidvantageously for several months to come." 

This extract describes the beginning of his scientific activity and pro- 
dactiveoeas in the ^ew World. 
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It may not be without interest to learn what some of his former pupj 
at tbe Johns Hopkius University have to say about him. Says 
O.B. Halsted: 

" Tonng Americans could hardly realize that the great Sylvester, 
who with Cayley outranks all English speaking mathematicians, was 
actaally atworkinourlanJ, AUyonngmenwLofelt within themselves 
tbedivine longing of creative power hastened to Baltimore, madeat ouce 
by this Euclid a new Alexandria. It was this great awakening and 
conceatratiou of mathematical promise, nud the subsequent facilities 
offered for publication of original work, which, rather thauauy teaci 
made the American renaissance in mathematics, • • « 

" A abort, broad man of tremendons vitality, the physical type 
Hereward, the Last of the English, and his brotlier-in-arms, Wint«r, 
Bylvester'a capacions head was ever lost in the highest cloud-lands of 
pare naatbcmatics. Often in the dead of night he would get his favor- 
ite pupil, that he might communicate the very last product of his cre- 
ative thought. Everythiug he saw eoggestedto him something new 
in the higher algebra. This transmutationofeverythiuginto new math- 
ematics was a revelation to those who knew him intimately. They 
began to do it themselves, His ease and fertility of iuventioD proved 
A constant encouragement, while his contempt for provincial stupidities, 
such as the American hieroglyphics for tt and e, which have even found 
their way into Webster's Dictionary, made each young worker apply to 
himself the strictest tests. 

" To know him was to know one of the fiiatorio figures of all time, 
one of the immortals; and when he was really moved to speak, bis 
eloqoence equalled bis genius. I never saw a more astonished man 
than James Bassell Lowell listening to the impassioned oratory of Syl- 
Tester's address upon the bigotry of Christians. 

"That the presence of such a maa in America was epoch-making is 
not to be wondered at. His loss to us wa^ a national misfortune."* 

In answer to an inquiry about Sylvester's methods of teaching. Dr. 
E. W. Davis (fellow from 1882 to 18Si) writes hurriedly as follows: 
"Sylvester's methodn ! He had none. * Three lectures w ill be delivered 
on a Sew Universal Algebra,' he woald say; then, 'The course mnstbe 
extended to twelve.' It did last all tlie rest of that year. The following 
year the conree was to be Sv,bstilu'.ion»-Th6orie, by Netto. We all got 
the text. He lectured about three times, following the text closely 
sod stopping sljarp at the end of the hour. Then he began to think 
aboat matrices again. 'I must give one lecture a week on those,' he 
Raid. Hecouldnut confine himself to the hour, nor to the one lecture a 
week. Two weeks were passed, and Netto was forgotten entirely and 
never mentioned again. Statements like the following were not unfi«- 
qaeatinhU lectures: 'I haven't proved this, but I am as sure as I oao 
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be of anythiDg that it mast be so. From this it will follow, etc.' At Ote 
next leotnre it tarued out that what he was so sare of was false. Never 
mind, he kept on forever guesaiug and trying, and presently a ivoDder- 
ful discovery followed, then another and another. Afterward he would 
go back and work it all over again, and eurprise us with all sorts of 
side lights. He then made another leap in the dark, more treasoieB 
were discovered, and so on forever." Jl 

Letns now listen to another of his old pnpils, Mr. A. S. Hathai^^| 
(fellow from 1882 to 1884) : ^^ 

" I can see bira now, with his white beard and few locksof gray balr, 
his forehead wrinkled o'er with thonghta, writing rapidly his figures aod 
formnlEe on the board, sometimes explaining as be wrote, while we, his 
listeners, caught the reflected souudsfrom the board. But stop, soioe- 
tfaing is not right, he pauses, his band goes to bis forehead to belp hia 
thought, be goes over the work again, enipbasizes the leading pointd, and 
finally discovers his difBcolty. Perhaps it is some error in his figures, 
perhaps an oversight in the reasoning. Sometimes, however, the diffi- 
culty Is not elucidated, and then there is not much to the rest of the lect- 
ure. Bat at the nest lecture we would hear of some new discovery that 
was the outcome of that diCBculty, and of some article for the Jooxnal, 
which he had begun. If a test-book had been taken up at the beginning, 
with the intention of following it, that text-book was most likely doomed 
to oblivion for the rest of the term, or untillhe class bad been made lis- 
teners to every new thought and principle that had sprung from the 
laboratory of his mind, in consequence of that first dlfflcnlty. Other 
dtfitcullies would soon appear, so that no text-book could last more than 
half of the term. In this way hia class bstened to almost all of the 
work that subsequently appeared in the Journal. It seemed to be the 
quality of his mind that he most adhere to one suhject. He would thinV 
about it, talk about it to his class, and finally write about it for the 
Journal, The merest accident might start him, but once Btart«d, every 
moment, every thought was given to it, and, as much as possible, be read 
what others had done in the same direction; bnt this last seemed to be 
his weak poiot; be could not read without meeting difBculties in the way 
of understanding the author, Thas, often his own work reproduced 
what otbers had done, and he did not find it out untU too late. 

>'A notable example of this is his theory of cyclotomio fuuctions, 
which he had reproduced in several foreign journals, only to find tliat 
he had been greatly anticipated by foreign authors. It was manifest, 
one of tbe critics said, that the learned professor had not read Kom- 
mer's elementary results in the theory of ideal primes. Yet Professor 
Smith's report on the theory of numbers, which contained a full synopsis 
of Kummer's theory, was Professor Sylvester's constant companion. 

" This weakness of Professor Sylvester, in not being able to read what 
otbers had done, is perhaps a concomitant of his peculiar genius. Other 
minda could pass over little dif^calties and not be troabled by thet 
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sod so go OD to a final un<ler8tan(Iinf; of the rcsnlts of the antlior. Bat 
not BO with him. A difficatt;, hovever small, worried him, and he was 
sore to have difficulties antil the subject had hecn worked over iu his 
own way, to correspond with his own mode of thought. To read the 
work of others, meant therefore to him an almost imlepetident de- 
velopment of it. Like the man whose pteasare in life is to pioneer the 
way for society into the forests, his ragged mind coald derire satisfac- 
tion only in hewing oot its own paths ; and only when his efforts bronght 
turn into the uncleared fields of mathematics did he find his place in the 
UniTerse." 

These reminiscences are extremely interesting, iuasmnch as they show 
Uie workings of a great mind. The mathematical reader will sarely 
eqjoy the following reminiscences of " Silly," by one of his favorite pu- 
pils, Dr. W. P. Durfee, professor of mathematics at Hobart Collefte, 
Geneva, N. T. He was a fellow in mathematics from 1881 to 1883. 
Speaking of bis recollections of Sylvester, he says : 

" I don't know that I can do better than preface them by au account, 
u far as my memory serves me, of the work we did while I was at the 
Johns Hopkins University. I say tee, as I always think of the whole 
Itftff B8 working together, so thoroughly did Sylvester inspire ns all 
with the snbject which was immediately interesting him. I went to 
Baltimore lu October, 1SS1, as a fellow, and, though my previons math- 
ematical training had been of the scantiest, I had the courage of igno- 
rance and immediately began to attend Sylvester's lectures, while Mr. 
DaviB and some others thonght they would wait for a year and prepare 
themselves to profit by them. Sylvester began to lecture on the Theory 
of XTambere, and promised to follow Lejeune Dirichlet's book ; he did 
so for, perhaps, six or eight lectures, when some discussion which came 
op led him off, and he interpolated lectures on the subject of frequency, 
and after some weeks interpolated aomething else in the midst of these. 
After some further interpolations he was led to the consideration of his 
TTniversal Algebra, and never finished any of the previous subjects. 
This finished the first year, and, although we had not received a sys- 
tematio coarse of lectures on any sabject, we bod been led to take a liv- 
ing interest in several subjects, and, to my mind, were greatly gainers 
thereby. The second year, 1882-33, he started off on the satyect of 
BSbBtitations, but our exiwrience was similar to that of the preceding 
year, and I can not now, after the six years which have intervened, dis- 
entangle thevanoas topics that engaged his attention. Amongst others 
were Turey's series, partitions, and universal algebra. He could not 
lecture on a sabject which was not at the same time engagiag his atten- 
tion. His lectures were generally the result of his thonght for the pre- 
eedJog day or two, and often were suggested by ideas that came to him 
while talking. The one great advantage that this method had for his 
stndents was that everything was fresh, and we saw, as it were, the 
very genesis of his ideas. One conid not help beiug \'q.%\>\£«A. \ti %\s^a. 
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teocliing, aud many of us were led to inveatigate on lines which lie 
toucbed npon. He was always plisasod at what one had to suggest, and 
fenerally bore interruptions with patience. He would often stop to 
discuss points that arose, and accepted our opinions as of some worth. 
I most qualify these latter etatementa somewhat, as he was apt to be 
partial, and it made all the difference in the world who it was that in- 
terrupted him. 

"His manner of lecturing was highly rhetorical and elocutionary. 
When about to enunciate an important or remarkable statement he 
wonid draw himself up till he stood on the very tips of his toes, and in 
deep tones thunder out his sentences. He preached at us at sach 
times, and not infrequently he wound up by quoting a few lines of 
poetry to impress on us the importance of what he had been declaring. 
I remember distinctly an incident that occurred when he was at work 
on his Universal Algebra. He had jumped to a conclusion which he 
WHS unable to prove by logical deduction. He stated this fact to us 
in the lecture, and then went on, " Gentlemen " [here he raised him- 
self on his toes], " I am certain that my conclusion is correct. I will 
WAGEK a hundred pounds to one ; yes, I will wagee my life on it." 
The capitals indicate when he rose on his toes and the italics when he 
rocked back on to bis heels. In such bursts as these he always held bb 
hands tighlly clenched and close to his side, while his elbows stack oat 
in the plane of hie body, so that his bended arm made an angle of 
about 140°. 

"Personally I had con8iderablecontactwithhim,a£ldid work under 
his direction that made it necessary for me to see him at his rooms. 
On sach occasions I always made an engagement with him two or three 
days beforehand, and then at his request dropped him a postal, which 
reached him an hour or two before I went and reminded him that I was 
coming. I always found him interested in my work and full of sugges- 
tions. 

" He had one very remarkable peculiarity. He seldom remembered 
theorems, propositions, etc., but had always to deduce them when he 
wished to use them. In this be was the very antithesis of Gajley, who 
was thoroughly conversant with everything that had been done in every 
branch of mathematics. 

"I remember once submitting to Sylvester some investigations that 
I had been engaged on, and he immediately denied my first statement, 
aaylng that sneh a proposition had never been heard of, let alone 
proved. To his astonishment, I showed him a paper of his own in 
which ho had proved the proposition; in fact, I believe the obje«:tof 
his paper had been the very proof which was ho strange to him." 

By request of Professor Sylvester, Professor Cayley, the Sadlerian 
professor of pure mathematics iu Oambridge, Kuglaud, was associated 
In the mathematical work of the Johns Hopkins University ftx)m Jan- 
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ian and Theta Functions, and be stack closely to his tost. ^Vliile bis 
vork wns of (>reat interest and ionportance, he did not aronse eiithn- 
siasm anil ditfnsc inspiration, as Sylvester did." 

These were proud days for the Johns Ilopkins University, when the 
two greatest living English matbeni alicians were lecturing within her 
walla. 

The first associate appointed in mathematics, when the nniversity 
first opened in 1876, was Dr. W, E. Story. He graduated at Harvard 
Cniversity in 1S7 1, then studieil for some years in Germany, receiving 
the degree of doctor of philosophy at the University of Leipsie in 1875. 
For one year preceding the opening of the Johns Hopkins University 
he was tutor of mathematics at Harvard. At the Johns Hopkins Uni- 
Tersity his lectares and his original researches have been chiefly in geom- 
etry. He was for several years associate editor of the American 
Joomal of Mathematics. 

Dr. Story is not only an eminent mathematician, bnt also a good 

teoclier. He is ever ready to give privat* interviews to students and 

to explain to them difficult points, or offer criticisms and suggestions 

upon original inquiries which tlie student may be engaged in. Dr. Story 

is aa admirable lecturer, clear, logical, deliberate, proceeding step by 

Mep, so that the student may be sure to follow bis reasoning. His work 

^Pm the blackboard is written in an elegant band, and is always scrnpu- 

^^Bntsty aconrate. In ISS-i the nniversity secured a magnificent set of 

^^peometrical models for the study of surfaces. Some of these are often 

^^Erougbt by Dr. Story into the lecture-room to illuslrrate his subject. In 

^^ms lectures Dr. Story generally follows some particular textbook, suoh 

^Rh Clebscb on Conic Sections, Salmon on Analytic Geometry of Three 

Dimensions, or Steiner on Synthetic Geometry, but be often brings in 

researches of more recent date, and also inquiries of his own. 

Another member of the mathematical staff is Dr. Thomas Oraig, He 
gradnated with the degree of civil en^neer at Lafayette College In 1875, 
vas one of the first persons elected to a fellowship at the Johns Hop- 
kioa University, and in 1S78 received the degree of doctor of philoso- 
phy. He began lecturing at the university when be was a student. 
After graduation he was connected for a short period with the U. S. 
Coast and Geodetic Survey, for which he prepared in 1879 a Treatise 
OB the Mathematical Theory of Projections. During his stay in Wash- 
ington be studied also Theory of Fnnetions from the work of Konigs- 
berger, nnder the direction of Professor Newcomb, of the Nautical Al- 
manac. Dr. Craig has made the theory of functions ami difi'ereutial 
equations his specialty. He has not only kept puce with the most re- 
cent rapid advances of those broad and deep subjects, but has added 
nnmerous contribntions of his own. Most of them have appeared in the 
American Junrnal of Dil at hematics, while some have been published iu 
foreign journals. He is working on subjects which are receiving ex- 
^^ tensive development in the hands of Fachs, Hermit*, Poincar^^ Ayijel^^^ 
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Barboax, PicanJ, and others. There aeetn to be altogether too feir 
Aiuericaas inCereHted ia this lino of work and prepared to participate 
ia its ad van cement. The mind of Dr. Oraig moves with great rapidity. 
Aquick and brilliant student flnda his lectures profitable and inspiring. 
Some of his courses on differential eqaations and the theory of fdno> 
tions are very advanced and diSQcult, and can be followed only by the 
matareat of students. 

Dr. Oraig associates with the studeata familiarly. It has been his 
practice to invite occasionally students to his boase to spend a mathe^ 
matical eveoiug, when ail sorts of subjects would bo diacnssed in a &ee 
and easy style. 

A somewhat more recent appoiutment as associate in mathematics is 
that of Dr. Fabian Franklin, He graduated at the Oolumbian Univer- 
sity in 1869, was fellow in mathematics from 1877 to 1ST9, and received 
the degree of doctor of philosophy in 1880. Re was appointed assistant 
in mathematics before taking his degree. Franklin always took great 
interest in Professor Sylvester's researches while the latter was at the 
Johns Hopkins University, and generally was at work on similar lines, 
while Dr. Story and Dr. Craig followed more generally lines of inves- 
tigation of their own. Some of the articles printed in the American 
Journal of Mathematics have appeared under the joint anthorsliip of 
Sylvester and Franklin. Professor Sylvester entertained the highest 
opinion of Dr. Franklin. 

Dr. Franklin has done more teaching in the nnder-gradnate depart- 
ment than the other members of the mathematical staff, for the reason 
that he escels them all in his power of imparting instrnction. His 
teaching power is indeed great. It is seldom that a person of so high 
mathematical talent is as good an instrnctor of younger pupils. Dr. 
Franklin posseasBs a remarkably quick eye for short methods. The 
student seldom listens to one of li is lectures in which proofs are not 
given in a shorter, simplpr manner than in the book ; seldom ia a paper 
read in the Mathematical Society which is not followed, in the ensuing 
discussion, by suggestions by Dr. Frankliu of a shorter method. His 
papers published in the American Journal of Mathematics display the 
same power. As a teacher Dr. Franklin is extremely popular among 
the students. 

In Dr. Story, Dr. Craig, and Dr. Franklin, Professor Sylvester had 
an eminently efficient corps of fellow-laborers. Their mathematical re- 
searuhea have made tbeir names favorably known wherever advanced 
mathematics finds a votary. 

The instrnction for graduates during the time that Professor Sylves- 
f ter was connected with the university was as follows :* 

Cauriet of In$trui!tion, Houri prr We»k, and Atttniance, 1876-83. 
DelorniiDaDta liud Muileni Algebra : Profeasor Sjlvcatcr, lB7tl~77, 2i bftlf-;ear, 8 hi& 
(7) ; 1877-78, 2 brs. (5) ; 187d-79, 2 hra. (8). 

Eloveatb AnnaAl Report ot the Fiesii^eal otvVieJoViua Ho^kina Uiurei^j, 
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Theory of NnmbBra: PTOfsMorBylToter, 1379-80, 2 hfs. (8) ; 1830-81, 2hw. (6); II 

es, iBt bftlf-yoar, 2 hrii. (7). 
Theory of Partitions : Professor Sylveater, 1893-83, 2d half-year, 2 lire. (10). 
A^bra of Molliple Qnantity : Profesaoc Sylvostar, 1881-S2, 2d half-yaar, 3hr«. (12); 

laS^Si, iBt half year, 2 lire. (A). 
Theory ofSobstitutioas; ProfesBor SylreHter, 1B82-K), Ist baLf-yeor, 2 bra. (9). 
Alsebrucal a«ometry and Abelian and Tbeta FoactiooH : FrofeHOT Cayley, 1881-83, 

2d half-year, 2 bre. (H). 
(Joaternloos: Dr. Story, 1377-78, 2 hre. (2) ; 1879-80,3 hrs. (4); 1881-62, 3 htg. (T) 

1883-83. 2d half-year, 3 hre. (4). 
Highar Plane Carres: Dr.8tory, 1880-81, Zhrt.fS); 1881-33, lit half year, 3 hra. (1); 

1883-84, 2 bra. (2). 
Bolid Analytio OeomBtry (General Theory of Surfaces and Corves) : Dr. Story, 

8%2dhalf-year, 3hra. (1); 1982-33, l»t half-year, 3 bra. (6). 
Theory of QeometricalCoDgrneaoeB: Dr. Story, 18^2-83) 2d balf-yokr, 2 bra. (4). 
MedemSynthetioGoomotry: Dr. FronkliD, 1877-78, 2 hre. (B). 
Theory of Invariaats : Dr. Story, 1832-83, 10 leotarea (8); 1883-84, 3 hre. (6). 
DalemuoMita : Dr. FrnoUia, 1680-81, Ist haU-yoai, 2 bra. (9) ; 1SS2-83, 20 leot 

(9). 

Hodern Algebra ; Dr. FraoUln, 1680-81, 3d half-year, 8 hre. (6) ; 1861-82, 2d half- 
year, 2 hn. (6). 
SBlpUo FonotlODB : Dr. Story, 1878-79, 2 hn. (2); lST^-60 (nontinnation of the pre- 

TionBrear'scoDrBe),3hr«. (4); Dr. Craig, 1881-62, 3 hre. (8) ; 1863-84. 3 hre. (4). 
BliptiaaadTbetaFaQotioiu: Dr. Craig, 1882-83, 3 hn. {10}; 1883-84, 3 bn. (3). 
Qenenl Theory of Fanotiona, inolndiog Riemann's Theory : Dr. CralE, 1879-80, 30 

lecture* (2); 1880-61, 1st half-year, 3 hre. (3). 
Bpheiical Harmonics : Dr. Craig, 1878-79, 10 leotnres (6) ; 1879-80, 30 leotnree (6) ; 

1881-82, iBt half-year, 3 hn. (4) ; 1683-S4, 2d half-year, 1 hr. (4). 
Qjlmdria or Beaael'a Faoctioos : Dr. Crnig, 1879-80, 10 loetnrea (2). 
Fsrtial Differential Equations: Dr. Craig, 1830-61, 2d half-year, 2 brs. (a); 1881-82, 

2d half-year, 3 his. (9) ; 1682-63, 2d half-year, 3 hn. {2} ; 1883-84, 2d half-year, 2 

bn.(*). 
CBkolns of TariatioQS : Dr. Craig, 1679-80, 12 lectnreB (9} ; 1681-62, Ist half-year, 2 

hn. (8) ; 1682-83, lat half-year, 3 hre. (0). 
DaSnite Integrals: Dr. Craig, 1676-77, lBtbalf-yeaT,3hra. (5); 1883-83, lit half-year, 

Shra. (2). 
IbthematicalAatronom;: Dr. Story, 1877-76, 3hn. {2); 1862-63, 3 bra. (2); 1863-64,' 

3hn. (2). 
SlemeDtary Uechanioa : Dr. Craig, 1S7G-77, 2d half-year (8). 
Stetioa: Dr. Fraaklia, 1883-83, 2d half year, 3 bra. (5). 
AaaljUo MecbanioB : Dr. Craig, 1677-78, lat half-year (6) ; Dr. Story, 1880-81, 2d 

half-year, 2 brs. (6) ; Dr. Craig, 1881-82, Ist half-year, 3 hre, (6) ; 1662-83, IbC 

half-year, 3 hrs. (4) ; Dr. FrankUn. 1883-84, 3 hre (6). 
Theoretioal Dycamics : Dr. Craig, 1676-79, 15 leoturea (6) ; 1683-64, 3 hrs (5). 
Ifalhematical Theory ot Elasticity: Dr. Story, 1876-77, 3d half-year, 3 bra. (4); 

1877-78, 3 hre. {«); Dr. Craig, 1681-82, 3 hre. (4) ; 1863-84, 2dhalf-year, 2 hra. (3). 
Hrdiwlyuaulcs: Dr. Craig, 1878-79, 24 lectarea (7); 1880-81, lat half-year, 2 bra. 

(6) ; 2d half-year, 4 bn. (3) ; 1832-83, Sd half-year, 3 hre. (5). 
lUthenatioat Theory of Sonnd : Dr. Craig, 1883-84, 3 bra. (6). 

It may be of interest to give a list of the advanced students of math- 
ematics daring the seven years that Sylvester was connected with the 
Jotins Hopkins University, and their i>resent occupation. Dr. Oraig 
aod Dr. Franklin are, an we have seen, insCractors in mathematics at 
JohoB Hopkins. The list oontinnea oa follows : G. B. B.%.\&tK^ 
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proffissor of m.ithematica, University of Texas ; W. I. Btringham, pro- 
r of ID a tb em a tics, University of California ; C. A, Van Velzer, pro- 
fessor of mathematics, University of Wisconsin; O. H. Uitcliell, pro- 
fessor of matbematlcs, Marietta Oollege, Ohio ; B. W. PrenUss, in the 
ofBce of tlie U. S. Nantical Almanac, Wasbington ; H. M. Perry, in- 
stractor in miithematics, Cascadilla School, Itbaca, N. T. ; W, P. Durfee, 
professor of mathematics, Hobart College, ST. T. ; G. 8. Ely, examiner, 
U. S. Patent Ollifie ; E. W, Davis, professor of mathematics, University 
of Soutb Carolina; A. S. Hathaway, inatractor in mathematics, Oornell 
University; G. Biasing, examiner, U. 9. Patent OfHce; A. L. Daniels, 
instructor in mathemiitics, Princeton College, 1883-84. 

The success in training students for independent research has been 
very great. To convince himself of this, the reader need only ex- 
amine the abstr4ict8 of papers prepared by students, which have been 
published in the Johns Hopkins Circulars and in the American Journal 
of Mathematics. Each one of the names given above will be found to 
appear repeateilly in those publications, as a contributor. 

In December, ISfiO, Professor Sylvester started for England to enter 
upon his now duties as Savilian professor of geometry in the University 
of Oxford. The robo of tho depart ing prophet dropped npon the shoul- 
ders of Professor Newcomb. No American would have been more 
worthy of succeeding Sylvester. As an astronomer his name has long 
shone with a luster which fills witL pride every American breast. 

Simon Newcomb was born in Wallace, JTova Scotia, in 1836. After 
being educated by bis father he engaged for some time in teaching. He 
came to the United States at the age of eighteen, and was engageil for two 
years as teacher in Maryland. There he became acquainted with 
Joseph Uenry, of the Smithsonian Institution, and Julius E. Hilganl, of 
the U. S. Coast Survey- Recognizing his talent for mathematics, they 
secured for bim, iu 185", a position as computer on the Kautical Alma- 
nac, which was then published in Cambridge, Mass. In Cambridge be 
came cnder the influence of Prof. Benjamin Peirce. In the catalognoa 
of 1856 and 1SJ7 his name appears as a student of mathematics in the 
BhcfQeld Scientitic School. Ho gradnated iu 1853, and continued as » 
graduate student for three years thereafter. He was then appointed 
professor of mathematics in the U, S. Navy, and stationed at the Naval 

I Observatory. He was chief director of a commission createtl by Con- 
gress to observe the transit of Venus iu 1874. In that year the Royal 
Society of England awarded him a. gold medal for his Tables of Uraoos 
and Neptuue. In 1870 ho undertook to investigate the errors of Han- 
sen's Lnnar Tables as compared with observations prior to 1850. The 
results of this onerous task were published in 1878. In the years ISSO 
to 1883 he and Michelsou measured Ihe velocity of light by operations 
on such a large suiile and snch refined methods as to throw in the shade 
all earlier efforts of a similar kind. For the purpose of this meaanre- 
meot tbey set up fixed and revolving mirrors on optKisite sUoreB of tha 
Potomac, at a distance of neatly 4 itWomtltia. 
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Since ISt? he hasbcon inchargoof theofflc«of tbe AmencaDEpliem- 
em und Nantical AlmaDac. Since 1867 that office lias been in Wash- 
ington, instead of CambriiJge. Professor Nercomb's predecessor in thia 
office was J. Gf. 0. Coffin, ivho in 1877 was placed on the retired list, 
having been senior professor of mathematics in the Navy since 1848. 

Professor Newcomb has quite a large corps of assistants in Wash- 
ington. His researches in astronomy dnring the last ten or twelve 
years have been described in the Nation of September 6, 1S88, as fol- 
lows: 

" The general object of this work is the determination of the form, 
size, and position of the orbits of all the large planets of the solar sys- 
tem, from tlie best and most recent observations, and the preparation 
of entirely new and nniform tables for predicting the future positions 
of these objects. The first of the fonr sections of the work relates to the 
general pertnrhntious of the planets by each other, and the part already 
in hand comprises the four inner planets, Mercury, Venns, the Earth, 
and Mars, in which fourteen pairs of planets come into play. Twelve 
of these were completed some months since, and only the action of Ju- 
pity on Venus and Mars remained undetermined. In the next place, 
tbe older observations of the planets must bo recalculated, and thns 
problems constantly arise which can not be met by general rules. All 
the obscrvaliooa at Greenwich from 1 705 to 1811 have been completely 
reduced with modern data. Earlier Greenwich observations were sim- 
ilarly treated by Dr. Anwers, of Berlin, who liberally presented the com- 
plete calculations as bis contribution to the work of the Nautical 
Almanac Office. In a recent report of this work Professor Newcomb 
gives farther details of his progress in the treatment of other classes 
of planetary observations. 

" Following this collation of all the available observations of each 
planet, comes the theoretical preparation of their corresponding posi- 
tions at the time of observation. Tbis forms tbe most laborious and 
difficalt part of the work ; and had Loverrier's tables, the best hitherto, 
been used without modiflcation, Professor Newcomb would have found 
it impractiable to complete it with tbe nnmber of computers at hi.s com- 
mand ; bnt be has skillfully avoided the difficulty by a reconstruction 
of Levirrier'a work in such form that it should bo much less laborious 
tOQse, while sufficiently accurate for the purpose required. These theo- 
retical positions must next be compared directly with the observations, 
one by one, and the dilTerences between the two are then, by suitable 
mathematical processes, constrned as implying the nature and amount 
of certain corrections to the planet's motion in its orbit. More than a 
fall year must still elapse, says Professor Newcomb, before the work on 
the four inner planets will have advanced to the stage where this direct 
comparison is ready to be made. There remain the four outer planets, 
on the two more important of which, Jupiter and Saturn, Mr. Hill, of 
the same office, has been engaged for many years, and \xia\i(i"5i "Oa^KSTj 
881— No. 3 18 
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Of their complicated motion ia already in tlie printer's hands. The two 
outer planet«, tJranns and Neptune, have not yet been begun." 

Of Professor Newcomb'a labors Professor (Jay ley haa said : " Professor 
Xewcomb's writings exhibit, all of thorn, a combination on the one hand 
of mathematical skill and power, and on the other of good hard work, 
devoted to the furtherance of astronomical science." 

His book on Popular Astronomy (1877) is well known. It has been 
repablished in England and translated into German. The treatise on 
Astronomy by Newcomb and Bolden, and their " Shorter Course" oil 
Astronomy, are works which have been introduced as test-books ioto 
our colleges almost universally. 

Professor Newcomb'a scientific work has not been confined to astroa- 
omy. He has carried on investigations on subjects purely mathemati- 
cal. One of the most important is his article on " Elementary Theo- 
rems Belating to the Geometry of a Space of Three Bimensions and of 
Uniform Positive Curvature in the Fourth Dimension," published in 
Borcbardt's Journal, Bd. 83, Berlin, 1877. Full extracts of this very 
important contribution to non-Euclidian geometry are given in the 
Enclyclopsdia Britannica, article " Measurement." It is gratifying to 
know that through Professor Kewcomb America has done something 
toward developing the far-roachiTig generalizations of non Euclidian 
geometry and hyper-space. In Volume I of the American Journal of 
Mathematics he has a note " On a Class of Transformations which Sor 
faces may Undergo in Space of more than Three Dimeuaions," in whldt 
he shows, for iustauce, that if a fourth dimension were added to space, 
a closed material surface (or shell] could be turned inside out by sim- 
ple flexure without either stretching or tearing. Later articles have 
been on the theory of errors in observations. In former years he also 
contributed to the Mathematical Monthly and the Analyst. 

Professor Ncwcomb has written a series of college text-books OD 
mathematics. In 1881 appeared his Algebra for Colleges and hia Ele- 
ments of Geometry; in 1882 his Trigonometry and Logarithms, and 
School Algebra; in ISSJ bis Analytical Geometry and Essctitiala of 
Trigonometry ; in 1887 his Differential and Integral Calculus. These 
works have been favorably reviewed by the press, and are everywhere 
highly respected. Professor Newcomb'a fundamental idea has been to 
lead up to new and strange conoeptiona by slow and gradual steps, 
<*AI1 mathematical conceptions require time to become engrafted upon 
the mind, and the more time the greater their abstrusoQess." The eta- 
dent is gradually made familiar in these books with the oonoeptions of 
variables, functions, increments, inSniteaimals, and limits, long before 
he takes up the calculus, eo in the study of the calculus he is not ood- 
fronted, at tlie outset and all at once, by a host of new and strange 
ideas, but possesses already a considerable degree of familiarity with 
them. With the publication of Newcomb's Algebra has begunacon- 
siderabJe "shaking" of the " dry bonea" in this science, and we boT 
poaseas works on this subject that vte> ot <iofl.?,\d.«rablo merit, ' 
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Professor yewcomb etadies political ecoDomy as a recreation, and 
every now and then tliere is a oomiuotion in the camp of political ecoQ- 
omists, cansed by a bomb thrown into their midat by Profeaaor New- 
comb, in the form of some magazine article or book. 

In 1S$4 Professor Newcomb added to his duties as saperinteudent of 
tho Kantical Almanac that of professor of mathematics and astronomy 
at tbe Johns Hopkins University, fie generally delivers at that in- 
stitution two lectares per week. The effect of his connection with 
the mathematical department has been that tbe mathematical course 
is more thoroughly sysh^matized and more carefully graded than 
formerly, and that tbe attention of students is drawn also to higher 
astronomy, theoretical and practical. An observatory for instruction 
is now provided by the university. Besides a telescope of 9J inches 
spertnre there is a meridian circle with collimators, niercnry-basin, 
sad other appliances. Professor Newoomb entered upon his duties 
St the Johns Hopkins University in 1884 by giving a coarse of lect- 
area on celestial mechanics. Among other things it embraced bis 
own paper on the "Development of the Porturbatix'o Fanction and 
its Derivative in Sines and Oo-sines of the Eccentric Anomaly and in 
Bowers of the Eccentricities and Inclinations." The lectures were well 
itteoded by the graduate students. At the blackboard Professor 
Kevcomb does not manipulate the crayon with so great dexterity as do 
his aBBOOiates, who have been in ttielectnre-room all their lives, but his 
leetares areclear, instructive, original, and popular among thestuilents. 

Since the departure of Professor Sylvester the following courses of . 
ItetoreB have been given to graduate students: 

OouTift of fiMtnutian, Hoar* per Week, and Altendanoe, 18S4-'38. 

AnAljrtical ftod Celeatial MeobaDtoa : Prof. (TeircOTab, 1854-'S5, 3 hn. (11). 

PnutioAl vid Theoretical Aatronom; : Frof. Newoomb, IStib-^, 3 hn. (9) ; 1866-^, J 

a hni. (7). 
Theory of Speoia) PerCurbationi : Prof. Newcomb, lS67~'d8, lat balf-;eat, 2 hra. 
Hlatorj of Astroaomy : Prof. Newaomb, ied7''8d, March and April, i hn. 
CooipuUIioD ot Orbits: Prof. Kewoomb, lK87-'88, May, a bn. 
Thtorj of NamberB: Dr. Story, L884-'B5, Ut half-year, 2 bn. (9). 
Hodem Syathetio Geometry: Dr. Slory, I>i84-'8S, tat balf-yeat, 3 brt. (d). 
Introductory CoorBo for Graduat^B: Dr, Story, l8fi4-'8o, Slirs. (10} ; lBS5-'98,6hi 

(7) J lS66-'a7, 6 hTB. (10) ; ieS7-'ea, 5 hra. 
Hodern Algebra; Dr, Story, 18S4-'9S, 2d half-year, 2 bra. (9). 
Qaat«rDlOQS: Dr. Story, lBH4-'85, -2d half-year, 3 hn. (H); ISSft-'ar. 3 hn. (S>J^ 

18<i'7-'88, 3 hra. 
Finite DiOcreticea and Interpolation : Dr. Qtory, leSS-'SQ, tst half-year, 3 hrs. (5). , 
Advanced Aaalytio Geometry : Dr. Story, 1685-'86, 3 hrj. (i) ; 1886-'e7, 2 hn, (B) 

ia87-'88, 2 hrs. 
ThMry of Probabilities: Dr. Story, 18B5-'S6. 2d half-year, 3 hra, (5). 
CalculoB of VariatioDs : Dr. Craig, 1384-'e5, Ut half-year, 2 bn, (5). 
ThMry «f Fnnatioiii : Dr. Craig, lSS4-'85, 3 bn. (5) ; ItiSo-'dU, 1st half-year, 3 hn. J 

{»); 18S0-'87, 3bni. (6); 18S7-'e3, Ut half-jear, a hra. 
Bjdioaynsmics: Dr. Craij;, 183l-'85, lat half-year, 3 hrs. (6); lSa5-'3fl.lBthalt-vM 

3hn. (4); 188&-'e7, lat half-year, 3 hia. (4); iae7-'aS,lrt^a.M-S';t'^,'i^*- 
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Linear Differential Eqnations: Dr. Craig, 1884-'e5, Sd half-year, 3 hre. (3); 18SG-J86, 

2 hrs. (4) ; 1887-'88, 2d half-year, 2 lira. 
Tlieoretioal Dynninks : Dr. Craig, 1887-'ee, 2d half-joar, 2 hre. 
Differential Eqnationa : Dr. Crai«, 1887-'88, 2 hra. 

Mathematical Theory of Elastioity : Dr. Craig, 18S5-'BG, 2d half-year, 3 hn. (4). 
Elliptic and Abelian Fauctiona : Dr. Craig, ie85-"e6, 2dhalf-yBar,3 hra.(4) } ia86-'B7, 

Ist half-year, S hrs. (6). 
Abelian FnnotioiiH : Dr. Craig, 1S97-'S8, 3 hra. 
Problems in Meahanica : Dr. Fronlilin, 1834-'e5, 3 hrs. (5) ; I885-'S6, 2 lira. (6) ; 1866- 

'87, 2 brs. (8) ; IBST-'SS, a hra. 

Since tlie fall of 18S4 Dr. Story has been giving every year an Intro- 
ductory Coarse to gradnato students, wbicli consists of short ooarses of 
lectures on the leadiug brancbes of higher mathematics. They are in- 
tended to give the stndent a general view of the whole field, whioh | 
afterward he is to enter npon and study in its details. I 

The Johns Hopkins University went into operation primarily as B I 
University, giving inatmction to students who had graduated from col- 
lege. A regular college conrse was, however, organized, and it has been 
growing rapidly from year to year. In the college the student has the 
choice between several parallel curricula, which areassumed toboeqnally 
honorable, liberal, and difficult, and which therefore lead to the same 
degree of bachelor of arts. Seven groups have been arranged. Some 
of them embraceno mathematics at all ; but, in those courses where it does 
enter, the instruction is very thorough. Take, for instance. Dr. Story's 
lectures on conic sections; the method of treatment is entirely modem, 
and presupposes a knowledge of determinants. A syllabus has been pre- 
pared for the use of the students. The lectures resemble the course 
given in the work of Clebsch. The student who may have studied 
such books as Loomia's Analytical Geometry, and who may labor with 
the conceit that he has mastered analytical geometry and conic sections, 
will soon discover that ho has learned only the ABO, and that he is 
wholly ignorant of the more elegant methods of modem times. 

Connected with the mathematical department of the university has 
always been a mathematical seminary, which during the time of Syl- 
vester constituted in fact the mathematical society of the nniversity. 
The meetings were held monthly. In it the instructors and more ad< 
ranced students would present and discuss their original researches. 
Care was taken to eliminate pai>era of little or no value by immature 
students. Professor Sylvester generally presided. "If youwerefortn- 
uate," says Dr. E. W. Davis, "you had yonr paper first on the pro- 
gram. Short it must be and to the point. Sylvester would be pleaaed. 
Then came his paper, or two of tbem. After him came the rest, bntno 
Khow did theystand; Sylvester was dreaming of his own higher flights 
and where thoy would yet carry him." 

Since the time of Newcomb tbis mathematical seminary has been 
called the Mathematical Society. It is carried on in the same way aa 
before. Three mathematical seminaries proper have since existed,^) 
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eondacted by Professor Newoomb, another by Dr. Story, and the third 
by Dr. tJraig. The meetings are held in the eveniug, and weekly. Each 
iDstractor selects for his seiniaary toyics from his special studies ; New- 
comb, astronomical subjects; Story, geometrical subjects or quatcr- 
nious; Craig, theory of fuuctious or differential equations. Professor 
Newcomb's seminary work is closely connected with his lectares. The 
sludentelaboratessome particular points of the lectares or makes prac- 
tical Hpplicatiou of the principles iuTolved. In one case the compu- 
tation of the orbit of a comet was taken up. Dr. Story, in the year 
18S5-8C, took up the subject of plane curves for his seminary, and dwelt 
considerably on quartic and qutntio curves, giving matter from Miibius 
and Zeuthen, and the result of bis own study on quiotics. Tbe stu- 
dent was expected, if possible, to begin where he had left off and carry 
on investigations along lines pointed out by him. Dr. Story's talk on 
this subject in this seminary suggested to one of the students a snbject 
of a thesis for the doctor's degree. In the fall of 1833 Dr. Story began 
bis seminary work with the seventeenth example, p. 103, in Tail's Qua- 
ternious. Dr. Craig's seminary has generally been upon subjects in con- 
tiaoation and ezteusiou of those upon which he is lecturing at the time, 
m for instance, he is lecturing on functions, following the " Coura de 
M. Mermite,'" he may in his seminary bring up matter from Briot and 
Bouquet. At other times he has introduced work into hia seminary 
Intended to be preparatory to certain advanced courses which he 
expected to offer. 

Mathematical Jottenals. «^ 

!he mathematical journals which we are about to discuss were of a 
much higher grade than those of preceding years. First in order of 
Ume is the Mathematical Miseellany, a semi-anuaal publication, edited 
by Cbarles Oill. He was teacher of mathematics at the St. Paul's Col- 
legiate Institute at Flashing, Long Islaud. Eight numbers were pub- 
lished; the first in February, 1836, and the last in November, 1339. 
Like many other journals of this kind, it had a Junior and Senior de- 
partment — the former for young students, the latter for those more 
advanced. The first number was entirely the work of the editor, ex- 
, oepting two or three new problems. Mr. Gill was much interested in 
Diophantiue analysis. In 1348 he published a little book on the Ap- 
plication of Angular Analysis to the Solntion of Indeterminate Prob- 
lems of the Second Degree, which contains some of his investigations 
CD this snbject. 

Another enthusiastic worker in the field of Diophantlne analysis, and 
a frequent contributor to Gill's journal, was William Lenhart, a favorite 
pupil of Robert Adraiu. Ilaving been afflicted for twenty-eig.M years 
with a spasmodic affection of the limbs, occasioned by a fall ,in early 
li&, which confined him in a measure lo hia room, he had den'oted a 
•nsiderable portion of his time to Diophantiue «ia.&\^ftA. ^tt \&'c&.''& 
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attributed tlie solotioa of tlio proWein, to divide oaity into six parts 
sucli that, if unity be added to each, the sams vfiW be cubes. 

The evident defect in Leuliart's processea was their tentative char- 
acter. In fact, this criticism applies to all work done in Diopbantine 
analysis by American computers, down to the present time. It is true 
eveu uf old Diophantua himself. To this ancient Alexandrian alge- 
braist, who is the anthor of the earliest treatiae ou algebra extant, as 
well as to his American followera of modern times, general methods 
were quite unknown. Each problem has its own distinct method, which 
is often useless for the most closely related problems. It has beea re- 
marked by H. Hankel that, after having studied one hundred sola- 
tions of Diophautns, it is difficult to solve the one hundred and first . 
It is to be regretted that American students should have wasted so 
mucli time over Diopbantine analysis, instead of falling in line with 
European workers in the theory of numbers as developed by Gaasn and 
others. Previous to the publicatioQ of the American Journal of Math- 
ematics, onr journals contained no contributions whatever on the theory 
of numbers, excepting the Mathematical Miscellany, which had some 
few articles by Benjamin Peirce and Theodore Strong, which involved 
Gaussian methods. Among the contributors to the Mathematical Mis- 
cellany were Theodore Strong, Benjamin Peirce, Charles Avery, Mar- 
cos Catlin of Hamilton College, George R. Perkins, 0. Boot, William 
Lenhart, Lyman Abbott, jr., B. Docbarty, and others. 

The next mathematical periodical was the Cambridge Miscellany of 
Mathematics, Fkysics, and Astronomy, edited by Benjamin Peirce and 
Joseph Lovering, of Harvard, and published quarterly. The last prob- 
lems proposed in Gill's journal were solved here. Four numbers only 
were published, the first in 1843. The listof contributors to this jour- 
nal was about thu same as to the preceding. The most valuable arti- 
cles were those written by the editors. 

During the next fifteen years America was withont a mathematical 
joarnal ; bat in 18o8, J. D. Bnnlcle, of the Nautical Almanac ofBce in 
Boston, started the Matkematical Monthly. He has since held the dis- 
tinguished position of professor of mathematics at (and, for a time, 
president of) tbe Massachusetts Institute of Technology, where be has 
been especially interested in developing the department of manual 
training. As will be seen presently, the time for beginning the publi- 
cation of a long-lived mathematical journal was not opportune. Three 
volumes only appeared. On a fiy-leaf the editor announced to his sub- 
Bcribers that over one third of the subscribers to Volume I discontin- 
oed their subscriptions at the close. "I have supposed," he soys, 
"that those whocontiiined their subscription to the second volume would 
not be t>i likely to discontinue it to the third volnme, and I have made 
my arrangements accordingly. If, however, any considerable number 
should diacontiuue now, it will bo subject to very serious loss. • • " 
J ask ai a favor for all to continue to Volume III, and uotif^ me during 
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tte year if tbey intend to <](scontitiae at its close. I shall then know 
whether to begin the foarth volume. I shall notrealize adollar." This 
atmoaDcement discloses obstacles which all oar Jonrnala that have been 
dependent entirety upon their sabscribers for financial enpport have 
had to encounter, and which none except the more recent conUl loog 
resist. Moreover, the Civil War was now at hand. "Oq account of 
the present disturbed state of public affairs, the publication of tho 
Mathematical Monthly will be discontinued until further notice." This 
was the end of the Monthly, in 1861. 

The salient features in the plan npon which the i>eriodical was con- 
daoted, as stated by David S. Hart, • were: "The publication of five 
problems in each number, adapted to the capacities of the young stu- 
deot«, to be answered in the third Bucceeding number. The insertion 
of notes and Queries, short discussions and articles of a fragmentary 
character, too valaable to be lost ; and, lastly, essays not exceeding 
eight pages, on various subjects, iu all departments of mathematics. 
Besides, there tvcre notices and reviews of the mathematical works 
Issned, both old and new. Among the most interesting articles are the 
©ant of the comet of Donati, with elepantdescriptive plates, written 
f the astronomical professor of Harvard University (Vol. I, Hos. 2 and 
I a complete catalogue of the writings of John Herschel (Vol. Ill, 
k 7); articles on indeterminate analysis, by Eev. A. D. Wheeler, of 
ranawick, Me. (Vol. II, Kos. 1, C, and 1.2), and the Diophantine analy- 
I (Vol. Ill, No. H). Other articles on the Diophantine analysis by 
tr. Wheeler would have been inserted, if the Mathematical Monthly 
had been continued. ' The Economy aud Symmetry of the Honey-bees' 
Cells,' by Channcey Wright (Vol. n, No. 9). Simon Newcomb gives sev- 
eral interesting 'Notes on Probabilities.' In Vol. II, So. 2, there is an 
article containingacompletelistof thewritingsof Nathaniel Bowditch, 
accompanied with short sketches of the same, which is extremely inter- 
esting. • • • The periodical is embellished by portraits of N.Bow- 
dltch, Prof. Benjamin Peirce, and Sir John Herschel, which are finely 
executed." The Monthly presented a very neat appearance to the eye, 
In the mathematical notation employed and in the treatment of mathe- 
matical subjects, Benjamin Peirce's iudueuce was clearly perceptible. 
From a scientific point of view, tho Monthly excelled any of its prede- 
ceesors. 

Since ISCl, wo bad no mathematical periodical iu the United States 
tor thirteen years. In January, 1874, was published in Des Moines, 
leva, The Analyst : A Mo7ithli/ Journal of Pure <wid Applied Matkemat- 
id, edited and published by Joel E. Hendricks, a self-taught mathema- 
tician. Mr. Hendricks did the printing of tho journal himself. It con- 
tinned until November, 18S3. No previous journal of mathematics in 
thia country had been published regularly for so long a time as this. 
tt« long life and beneficial influence are due to a very great extent to 

■ AnnlyBt, Vol. II, No. 5, p. 131, De« UoS.aw, \o-«ii. 
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the untiring energy tiDd self-sacriflcmg interest of ita editor. Its dis- 
coutiiiuanco, after nine years, was iiot due to want of support, bat to 
tbe (iiiling liealth and strongtli of Mr. Heuilricks. At first it appeared 
monthly, afterward bi-montlily. 

The list of contributors iujuded tlie most prominent teachers of 
mathematics in this conntry. The names were no longer those found in 
the Mathematical Miscellany or Cambridge Miscellany. A new gener- 
ation of workers had come. 

As in previons periodicals, so in this, a great part of each nnmber 
was devoted to problems. Thougb the solution of problems is the low- 
est form of mathematical research, it is, nevertheless, important, not for 
ita scientific, but for its educational value. It induced teachers to look 
beyond the text-book and to attempt work of their own. The Analyst 
bears evidence, moreover, of an approaching departure from antiquated 
views and methods, of a tendency among teachers to look into the history 
and philosophy of mathematics and to familiarize themselves with the 
researches of foreign investigators of this century. Thus, discussions 
regarding the fundamental principles of the differential calculus were 
carried on. Levi "NV. Meech gave a.u " Educational Testimony Concern- 
ing the Calculus;" W. D. Wilson, of Cornell, gave "A How Method of 
Finding Differentials;" Joseph Ficklin, of Missouri, showed how one 
might " find the differential of a variable quantity without the use of in- 
finitesimals or limits ; " C. H. Judson, of South Carolina, gave a valu- 
able " investigation of the mathematical relations of zero and infinity," 
which displayed the wholesome efl'ects of the study of each authors as 
De Morgan. Judson dealt powerful blows against the reckless reason- 
ing that bad been in vogue so long, but, dnring an occasional ungnarded 
moment, he was hit by his opponents iu return. De Volson Wood, of 
the Stevens Institute, and Simon Hewcomb, of Washington, discussed 
the doctrine of limits. 

Another subject considered in the Analyst was the possibility of aU 
algebraic solution of equations of the fifth degree. A. B. Nelson, pro- 
fessor of mathematics in Centre College, Danville, Ky., translated from 
the German an article written in ISCl by Adolph Von Der Schulen- 
burg, entitled, "Solution of the General Equation of the Fifth De- 
gree." The translation and publication of it seem to have been called 
forth by a statement of W. D. Heukle in the Educational Notes and 
Queries, to tbe effect that proofs of the impossibility of such a solution 
had been given by Abel and Want zel. Nelson's paper was followed by 
a translation from Serret's Cours d^Algibre Supirimre, hy Alexauder 
Evans, of Elkton, Md., of Wantzel's " Doaionstration of the Impossi- 
bility of Hesolving Algebraically General Equations of a Degree Higher 
than the Fourth." Evans also contribnted the (uoii -algebraic) "Solu- 
tion of the Equation of the Fifth Degree," translated from the Theory 
of Elliptic Functions of Briot and Bouquet. W. E. Heal, of Wheeling, 
lad., followed with an article pointing out the error in Schulenburg'a 
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Bolation. One might bave supposed that tbia question had now come to 
a rest, but not so. About two yeara later T. a. E. Dixon, of Chicago, 
thOQglil he had fonud a solution, and he imblisbed it in the Analyst, 
but, iu the next number, he stated tliat be had discovered "the weak 
link in the chain" of its logic, 

Of the articles on modern higher mathematics, we mention the " Brief 
Account of the Essential Features of Orassmaun's Extensive Algebra," 
by W. W. Beman, of Anu Arbor; "Symmetrical Functions, etc.," and 
" Becent Besults in the Study of Linkages," by W. W. Juhnson, and 
an article on determlnauts by C. A. Van Velzer, of the TJuiversity of 
Wisconsin. 

Among the historical papers is the very complete and interesting 
" Historical Sketch of American Mathematical Periodicals," by David 
8. Hart, of Stonington, Oonu. ; a " History of the Method of Least 
Squares," by M, Merriman. Mertiuau also published Robert Adrain'a 
BecoDd proof of the principle. 

Among other articles of interest are " Multisection of Angles," and 
"A Singular Value of n,^ by J. W. B'icholson, of The Louisiana State 
University, at Baton Kouge. The latter article was commented upon 
by W. W, Johnson, then professor of mathematics in St. John's College, 
Annapolis, Md., who was a frequent and most gifted contributor to the 
Analyst. Asaph Hall wrote on comets and meteors, George R. Perkins 
ou indeterminate problems, E, B. Seitz on probability. Other impor- 
tant contribntors were Daniel Kirkwood, David Trowbridge, Artemaa 
Martin, and G. W. Hill. 

Well known among Ibe mathematical public of America is Artemas 
Martin. Before speaking of his two periodicals we shall brieQy sketch 
liis life. This gives us at the same time an opportunity of mentioning 
naoy pnblications which, though not purely mathematical, contained a 
mathematical department. We can think of few American periodicals 
of the last thirty years, paying any considerable attention to elementary 
mathematics, for which Dr. Martin has not beeu a contributor. Dr. 
Martin was born iu 1S3.5, In 1869 he moved to Erie County, Pa., where 
he lived on a farm for fifteen years, engaged as a market gardener. He 
is almost wholly self-taught. His leisure moments weredevoted to the 
study of the ''bewitching science." Through the influence of the Hon. 
W. L. Scott, Member of Congress from Erie, Martin was appointed, in 
J8S5, librarian iu the office of the U. S. Coast and Geodetic Survey. 
He has a large private library oontaiuing a very tine collectiou of 
American books on matliematica. When the writer was in Wasliiugton 
he enjoyed the great privilege of examiuiug this collectiou and of seeing 
many a quaint and curious volume of great rarity. 

Martin began his mathematical career when in his eighteenth year, by 
contributing solutions to the Pittsburg Almanao and soou afterward 
oontribnted problems to the " Riddler Column" of the Philadelphia 
Satufiap Hvening Pod, and was oae of the leading contributors for 
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twenty years. lu 1804 lie began contributing problema and Bolationa 
to Clark's School Visitor, afterward tbo Sehoot-day Magazine, published 
In Philadelphia. lu Jane, 1870, he took charge of the " Stairway De- 
partment " as editor, the mathematical part of which he had conducted 
for some years before. In 1875 he waa chosen editor of the department 
of higher mathematics in the Normal Monthly, published at Milleraville, 
Pa., by Edward Brooks. The Monthly was dlscouiinned in 1876. In 
this joarual he published a series of sixteen articles on Dtophantine 
analysis. He contributed to the mathematical department of the lUi- 
nois Tea-cher (18fi5-C7); the loica Intlructor, 18G5; the National Hdu- 
cator, Kntztown, Pa.; the Tatea County Chronicle, a weekly paper of 
llew York, the mathematical department of which was edited by Samuel 
H.Wright; Barneses EfhicationalMonthlj/ ; tha Maine Farmers' Almanac; 
Educational Notes and Queries, edited and published by W. D. Heukle, 
of Ohio. Dr. Martin published thirteen articlea on "average" in 
Wittenberger, from 18TG to ISSO inclusive. The mathematical depart- 
ment of this was edited by William Hoover, afterward professor of 
mathematics in the Ohio University at Athens. Martin's name la 
familiar also to the readers of the School Visitor, a jourual started in 
1880, and edited and published monthly by John S. Koyer in Gettys- 
burg, Darke County, Ohio; of the Davenport Monthlt/, Davenport, 
Iowa ; and of TIte Bizarre, conducted by S. 0. and L. M. Gould, in Man- 
chester, X. H. All these journals devoted a portioo of their apace to 
mathematics, and to all these Dr. Martin contributed. The mattie- 
matics they contaiued were of course of an elementary kind. He oon- 
tribated also to English Journals on elementary mathematics. Besides 
the above periodicals we mention the Hailroad Oaxetie (New York and 
Chicago), which contained problems in applied mathematics; the 
Mathematician, edited by Koyal Cooper, 1877, and utterly worthless; 
and the Wheel, New York, 1803, of which only one number ever ap- 
peared, in which the qnestion was discussed how many revelations 
upon its own axis a wheel will make in rolling once around a fixed 
wheel of the same size.* 

lu the spriug of 1877 Artemas Martin issued the hrst number of bis 
Mathetnatical Visitor, which he still continues to publish annaally. 
" Although he has never served au hour as apprentice in a printlog office 
to learn the art preservative, he has done all the type-setting for his 
publications, except that for the first three numbers of the Visitor, and 
has printed all the numbers of the Visitor except the first five on a self- 
inking lever press only C^ x 10 inches inside of chase. The numbers of 
the Visitor he has printed himself have been pronounced by competent 
jndges to be as line specimens of mathematical printing as b&ve fever 
been executed. The Magazine he puts in type and gets the presswork 

* For A more complete list of joamaU coDtnJQing mBtbemBtlcat deputoiniti^ Ma 
Th* BUarrt, Kotf and QutrU*, Volume V, No. 13, December, lUtscL 
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done at a prioting office, as Iiis press ia too small to safely print it, 
although he printed one number oa it."" 

Of the Visitor generally six hundred copies have been printed. The 
list of contributors exceeds one hundred. In the introduction Dr. Mar- 
tin says: "It was staMd nearly three-quarters of a century ago that 
the learned Dr. Uutton declared that tlie Ladies' Diary had produced 
more matbematicians iu Eoyland than all the mathematical authors in 
tiiat kingdom." The aim of the Visitor is, if possible, to reach similar 
results in tbis country. It is devoted to the solution of problems. 
They deal more particularly io Diophautine analysis, average, and prob- 
abUity. 

In January, 1383, Dr. Martin issued the first number of the Matke- 
matieal Maga-ine, which is publisLed quarterly. It was intentionally 
made more elementary than the Analyst of Mr. Hendricks or the Au- 
iials of Mathematics, It was devoted mainly to arithmetic, algebra, 
geometry, and trigonometry. Ono of the features is the solution and 
discussioD "of such of tlie problems found iu the various text-books in 
use as are of special interest, or present some diCQculty." Many of the 
articles found In the Magazine and Visitor came from the pen of the 
editor himself. Numerous different proofs of the Pythagorean propo- 
sitiOQ were given in the former, of which we may mention one by James 
A. Qarfield. It was taken from a magazine of 1S76 or 1877, and was 
foaod pasted on a fly-leaf of an old geometry. It resembles somewhat 
the old Hindoo proof. Dr. O. B. Hoisted contributed several articles on 
the prismoidal formula. J, W. Nicholson gave a " universal demonstra- 
tion" of the binomial theorem, without, however, giving a moutent's 
bought to the question of couvergeucy, whenever the series is infinite. 
William Hoover gave an interestiog little article on the history of the 
algebraic notation. David S. Hart wrote on the history of the theory 
of Dumbers, including the indeterminate and Diop ban tine analysis. He 
also contributed several articles on the subject last mentioned. A 
Bomewhat lengthy discussion was carried on, on the usefulness of log- 
arithms, by P. H. Fhilbrick, professor of engineering at the State 
University of Iowa, and H. A. Howe, professor of mathematics at the 
University of Denver. The former attempted to show that the use of 
logarithms greatly augmented the labor of "numerical computation" 
and led to very erroneous results. Some of the calculations in the mag- 
azine in which numerical answers are carried to twenty or more decimal 
places have no value, either educational or scientific. The names of the 
oontribntors for the magazine were about the same as for the Visitor. 

To show the good that elementary journals like tbis may do, wo 
give, as an example, the career of E, B. Seitz. He passed his boyhood 
on a farm, and afterward pursued a mathematical course of two years 
at the Ohio Wesleyan University. In 1873 he began contributing 
problems proposed iu the " Stairway " department of the School-day 
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Magazine coudiicted by Dr. Martin. His energies were stimalated, and 
he became a leading contributor to our periodicals. He astonisbed his 
friends by bis »kill in soWing dilhcult problems, and their admiration 
for his talents became almost nuboanded. His mathematical mind had 
received the flist stimulus from oar elemeutary periodicals. Had he 
not died in the prime of life, he might have done good original work, 
provided he had begun to look higher than merely to the solution of 
difficult problems in oui' elementary journals. The solving of problems 
la very bene&ciat at first, but it becomes a waste of time if one confines 
himself to that sort of work. The solution of problems is QOt a high 
form of mathematical research, aud should serve merely as a ladder to 
more ambitious cETorts. 

Another journal devoted mainly to the solution of problems is the 
School Messenger, now called the Matltemat'iGal Messenger, edited aud 
published bi-monthly by G. H. Uarvill, at Ada, La. One of the ablest 
contributors to it is J. W. Nicholson, professor of mathematics at tbe 
Louisiana State University. The Messenger commenced February, 
1884. 

The Annals of Mathematics is the continuation, under anew name and 
different form, of the Analyst. It is edited and published at the Uui- 
versity of Virginia by Prof. Ormoud Stone and Prof. William M, Thorn- 
ton. It is of somewhat higher grade than the Analyst, though more 
elementary than the Amoricau Juurnal of Mathematics. It coutaios 
more articles on mathematical astronomy and other subjects of applied 
mathematics thau the American Journal. Our distinguished math- 
ematical astronomer, G. W. Hill, contributes several articles in his 
specialty. Profs. Asaph Hall, E. S. Woodward, H. A, Howe, and Wil- 
liam M. Thorutou contribute various articles ou applied mathematics. 
Professor Oliver, of Cornell, has several papers, oue on "A Projective 
£elation among InSnitesimal Eleuieuts," and another on the " General 
Linear Difl'erential Equation," Prof. W. W. Johnson writes on 
" Glaisher's Factor Tables," the " D istribution of Primes," and other sub- 
jects. Professor Halsted gives his demonstration of Descarte's theorem 
aud Euler's theorems. The name of Bohaunan, now professor at Ohio 
University, appears often. Prof. O. H. Mitchell, of Marietta College, 
discusses the equation of the second degree in two variables. Prof. B. 
H. Graves has geometrical articles ; William E. Heal writes ou repetends; 
S. T. Morelaud, on the momental ellipsoid ; J. F. McCnltogh, on Rollers 
theorem. A little spnco in each nomber is devoted to the proposing 
and solving of problems. The hst of contributors is too largo to be 
given here in full. 

When Professor Sylvester becatae actively connected with the Johns 
Hopkins University, in 1S77, the university established the American 
Journal of Mathematics, for the publication of original research in pure 
and applied mathematics. It was the design that this should not be a 
journal devoted to the publication of solotions to problotos, but that It 
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shonld be of so high a grade as to commaDd a place by the side of the 
beet European journals of matliematics, It is a source of pride to ua 
that thia great aim has been reacbeil. The American Journal n/ Mathe- 
matios is to-day as well knowu aud as highly respected In Europe as iu 
Ameiica. Among its contributors are found not only the leading soieu' 
tiets of America, but also such foreign investigators as Cayley, ClifFord, 
Orofton, Fa4 de Bmno, Frankland, De Gasparis, Glashan, Hammond, 
Hermite, Kempe, Lipschitz, London, Lucas, MacMahon, Muir, rotersen, 
Poincar^, Roberts, Weichold, and G. P. Young. 

The subject which has received most attention in the American Jour- 
nal of Mathematics has been Moilera Iligher Algebra. The contribu- 
tions of Sylvester on this subject loom large. In Volume I is found 
"a somewhat speculative paper" entitled, "An Application of the 
New Atomic Theory to the Graphical Rcprescntatiou of the Invariants 
and Oovariants of Binary Quantics," followed by appendices and notes 
relating to various special points of the theory." Sylvester contributed 
various memoirs on binary and ternary qnantics, including papers by 
himself, with the aid of Or. Franklin, containing tables of the numer- 
ical generating functions for binary quanties of the first ten orders, and 
for simcltaneous binary qnantics of the first four orders, etc. The list 
of his articles is too extensive to be meutioned here. Since his return 
to England he has contributed to the Journal a cieries of " Lectures 
on the Theory of Eeciprocants," reported by J. Dammond. 

The larger number of American contributions are from persons who 
were, or still are, connected with the Johns Hopkins University, either 
as teachers or students. Dr. W. E. Story, of the Johns Hopkins Uni- 
veraity, has written on " Non-Euclidean Trigonometry," "Absolute 
Olaasification of Quadratic Loci, etc.," and other, chiefly geometrical, 
aabjects. Dr. T, Craig has contributed numerous papers, mainly on 
the theory of functions and differential equations. Dr. F. Franklin has 
aided Professor Sylvester in the preparation of papers, and has also 
made various independent contributions. After the return to England 
of Professor Sylvester, Professor Nowcomb became editor-in-chief. His 
valuable articles have been noticed elsewhere. Among the contriba- 
tors who were once students at the Johns Hopkins University, but 
are now not connected with it, are E. W. Davis, W. P. Durfee, G. S, 
Ely, G. B. Halsted, A. S. Hathaway, O. H. Mitchell, W. L Stringham, 
0. A. Van Velzer, A. L. Daniels, O. Veneziani, D. Barcroft, and J. 0. 
Fields. The Journal has two lady contributors, Mrs. 0, Ladd Frank- 
lin, of Baltimore, and Miss C. A. Scott, of Eryn Mawr College. The 
gte»t memoir on "Linear Associative Algebra," by Benjamin Peirce, 
was published in the American Journal of Mathematics; also articles 
by Lis son, 0.8. Peirce, on the "Algebraof Logic" and the " Ghosts lu 
Diffraction Spectra." Papers on ap plied mathematics have been written 
by Professor Kowland, of the Johns Hopkins University, and George 

L • FidePtofaasot Cayloj'a articia on Pcoressor Sj\\6Blei; in ¥lsAn.tft,liwwa.T3"l,>5Sa. 
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William Hill, of the JTaatieal AlmaDao Office. Mr. Hill has dooe ad- 
mirable work ia mathematical astroQoaiy. For his researches on the 
luoar theory, published ia the Americita Jourual, aud for other astro- 
nomical papers, pablidhed elsewhere, he was awarded the gold medal of 
the Koyal ABtronomical Society, ia I887.* AmoDg the writers for the 
Aiaerioan' JourDal is Prof. W. W. Johnson, of the U. S, Naval Acad- 
emy aC Annapolis. He ia also a frequent contributor to leading Euro- 
pean joarnala, and commands a place amoDg the very foremoBt of 
American matliGmaticians. In tlie list of Amoricau writers to the 
Jonroal are H. T. Eddy, J. W. Gibbs, E. McGlintock, A. W. PhUlips, 
J. Hagen, E. W. Hyde, H. B. Flue, aod others of iio less power and 
originality. 

The U. B. Coast amd Geodetic Scetet. 

In giving the origin of the V. S. Goaat Borvey it is desirable to begin 
with a sketch of the preliminary training of its first saperiDtendeat, 
Ferdinand B, Hassler. He was born in- the town of Aarau, Bwitzer- 
land, in 1770. He was sent to the University of Bern to study law, but 
be eooa drifted into mathematioa and became a favorite pupil of Pro£ 
John G. Tralles.t Tralles and Hassler undertook the topographical 
anrvey of the Oauton of Bern. In. 1791 a base-line waa measured, and 
a net of triangles established. The instruments on baud being found 
insufBciont for long distances new ones were ordered from ilamsden, 
in London. On the receipt of these, in 1707, the survey was resumed, 
but soon discontinued. The conq^aering armies of tbo French came 
marching into Switzerland. The feeble republic was forced to anboiit 
to the dictatorial orders of the war minister of France, which required, 
among other things, that the places then occupied by the Bwiss engi* 
neers should be vacated and filled by French, A swarm of sixty 
French engineers appeared, but soon disappeared without accomplish- 
ing anything. The revolutionary tendenoies of the times and the an- 
settled state of the country induced Hassler to quit Switzerland. His 
fatherland seemed to bear no roses for him. Having landed in Phil^ 
delphia, in October, 1805, he formed the acquaintance of Prof. Bobert 
Patterson and Mr. Garnet, of Xow Brunswick, to whom he showed bis 
mathematical books and instruments. 

About this time Gongresa was considering the feasibility of a survey 
of the coasts and harbors. Professor Patterson sent to President Jef- 
ferson a sketch of Hassler's scientific career in Switzerland, and Mr. 
Olay, the Representative from Philadelphia, in 180G, asked Hassler 
whether he would bo willing to undertake the survey, in case that the 

' Fidt Moutlily Noticoa on tho Itoyal Aatronomical Society, Vol. SLVII, No. 4, 
Fobrnarj', 1887, 

t Tr&QslatioQ from the Oennanof Msmoinof FordiaandRadolph Hiualer.by Emll 
Ziohokke, pabliihed in Aaraa, SwiUerland, 16T7, witli Supple men tary Dooaiiieat% 
pabhahei in Nice, 1S82. 
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QoTernment sboald decide upon one. Mr. Hassler wa8,of courne, willing. 
Til© law authorizing the Barvey was passed in Feliruary, 1807. Hass- 
ler received one of the twelve circulars which were sent to scientific 
men for plans of tbs contemplated sarvey. By the direction of Fresi- 
dent Jefferson, a commission (formed, it appears, of the very gentlemen 
who bad proposed plans, excepting Mr. Ilassler) examined the various 
plana at Professor Patterson's, in Philadelphia. They rejected their 
own projectB and recommended to the Presideiit the one suggested by 
Mr. Hassler. The survey proposed byhimwasofakindtUathad never 
been previously attempted in thia oountry; it was to be a trianguUilion^ 
and the sides of the triangles were to be from ten to sixty miles in 
length, such as bad, at that time, just been executed in France and was 
in progress in England. The project was quite in advance of the sci- 
ence of our country. It was fortunate for ua that a man of Mr. Ilass- 
ler's learning, ability, and mechanical ingenuity was available to the 
Govemnient. He bad, meanwhile, been appointed by Jefl'ersoD pro- 
fessor at West Point. This position bo resigned after three years, and 
accepted the professorship of mathematics at Union College, Schenect- 
ady, N. T, Politics delayed the wort of the survey. The first thing 
to be done was to procure the necessary inutrnments. In 1811 Ilassler 
vas sent to England by our Government to direct the manul'acture of 
snitable instruments. Shortly after bis arrival in Great Britain the War 
of 1812 broke out, and he was four yeara in Ijondon, in the disagreeable 
position of an alien enemy, and half the time loft by our Government 
iritbont compensation. He returued to this country in 1811, with a 
iplendid collection of instruments, which had cost nearly forty thousand 
dollars. 

Id Angnst, 131C, a formal agreement between the Government and 
Mr. Hassler was reached, to the effect that he should undertake the 
execattou of the snrvey. He immediately entered upon the preliminary 
steps of reconnoitering and the numerous collateral experiments neces- 
sary for such a survey. Two preliminary base-lines were measured: 
One in New Jersey, in the rear of the Highlands, on North Biver, and 
Dearly six miles in length ; tho other on Long Island, and of about five 
miles. Down to the year 1818 eleven stations were occupied, forming 
the elements of 124 triangles. 

To a scientific man, familiar with the many preliminary details which 
are indispensable to accurate scientific work, but which do not always 
appear in the ultimate results, the progress which Hassler was making 
would have seemed highly satisfactory. Congress, however, was dis- 
pleased. In April, 1818, Mr. Hassler received ofiicial notice that he was 
sospended, accompanied with the remark that the little progress hitherto 
made in the work had caused general dissatisfaction in Congress. Pos- 
sibly the feeling on tho part of American engineers against this for- 
eigner because be had been preferred to one of tbem had sometldng to 

with this suspension. To Hassler this was a very severe blow \ l 
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brigbtost liopes seemed dashed intofiragments. A year or two later tie 
prepared a defense of liimself. He wrote an account of liis plans aod 
methods and pablislied it in the Philosophical Transactions of Phila- 
delphia (Vol. Ill, New Series, 1825). By this article he hoped to vindi- 
cate his schemes. It attracted the attontion of scientific men every- 
where. It was reviewed by leading astronomers iu Europe — Bessel, 
Btnive, Schnmacher, Ffinissac, Francceur, Kruaenstcm, and otbere — all 
agreeing that Mr. Daasler's plans were good, and testifying to bis in- 
ventive genins for solving the difHcnltieB of the Coast Survey, as well 
as to the certainty that his plans, if carried out, would lead to success. 
Beaeel was certainly a competent judge, for, in addition to hia theo- 
retical knowledge, ho had had esperience in geodetic work in Germany. 
He had words of only the highest praiiie for Hassler'a scheme.* 

After hia suspension from the survey, Hasaler engaged in various 
occupations. For a while he was a farmer in northern New York. He 
afterward wont to Jamaica, Long Island, and then to Bichmond, Va., 
giving lessons in mathematics to sons of prominent men. While in 
Bicbmoud he published his Elements of the Geometry of Flanea and 
Solids, 1828. HisElementaof Analytic Trigonometry appeared in 1826. 
Subsequently he published an Arithmetic, Astronomy, and Logarithms 
and Trigonometric Tables, with introductions iu five langnages. 

After twelve years in rural retreat, Hassler was recalled to official 
activity. He became United States ganger, and then was intrusted, 
from 1830 to 1832, with the difficult mission of regulating the standards 
of weights and measnres throughout the United States, which at that 
time were very various. 

In 1828 the question of the Coast Survey was again agitated. The 
Secretary of the Kavy reported to Congress favorably on Hassler's 
work, which had been suspended so suddenly ten years previously. 
The Secretary said that " he [Hassler] had accomplished all that was 
possible in so short a time." In 1833 Mr. Hassler was reiustated, with 
the title of " Superintendent of the United States Coast Survey." 

In the interval from 1813 to 1832 nothing of permanent value had 
been accomplished. Attempts ha-d beeu madetosurvcy portions of the 
coast, under the direction of the Navy Department, but there had been 
no general or connected survey. The charts prepared had been expen- 
sive and unsafe, and not very creditable to the country. 

In 1832 began the most successful and most famous period in Ur. 
Eaesler's life. Though sisty-two years old, there still glowed in him the 
Are of youth. The survey was begun with vigor. He had a traveling 
carriage prepared for him, which conveyed him rapidly to all parts of 
the survey. In this carriage he could seat himself at a writing table 
or dispose himself for sleep. The work was prosecuted according to the 
plans first laid out by him. He hibored nnder the great disadvautago 
.of having do skilled assistants. Hts corps of workmen had all to be 
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trained and edacated to tbe refined methods which he was introdacing. 
The work of the survey had to be systematized. It continaed ander bis 
direction nntil the time of his death, in 1843. He left the work well 
adTauced between Narragansett Bay and Cape Henlopen, and the sur- 
vey safiiciently organized in all its varied details. His conrse was, how- 
ever, frequently criticised ia Congress, and it was not always easy to 
get tbe necessary appropriations. 

Mr. Hassler was very self-confident and independent. This was one 
caa«e of the occasional opposition to him. Thongh not conceited, be 
was oonscious of bis snperiority over the great mass of men with whom 
be came in contact in Washington. The following anecdote is charac- 
teristic of him : At one time the cry of " retrenchment and reform" 
had become popular, and a newly appointed Secretary of the Treasury 
thought he conid not signalize his administratiou more aptly than by 
reducing the large salary of the superintendent. He sent fur Mr. Hass- 
ler and said, "My dear sir, your salary is enormous J you receive $6,000 
per annum — an income, do you know, quite as large as that of the Seo- 
retary of State-" " True," replied Hsissler, " precisely as much as the 
Secretary of State and quite as much as the Chief of tbe Treasury ; but 
do you know, Mr. Secretary, that tho President can make a minister of 
State out of anybody ; he can make one even out of you, sir; butifhe 
can make a Hassler, I will resign my pla<;c." 

Hassler'a successor was Alexander Dallas Bacbe, a great-grandsoQ of 
Franklin and a graduate of West Point. He exercised a very marked 
influence over the progress of science among us. He graduated at the 
head of his class, and the great expectations that were thou entertained 
of him have be«n fully realized. For eight years he devot«d himself to 
physical science, while professor at the University of Pennsylvania, 
and gained a wide reputation. The Coast Survey made rapid progress 
nnder his management. Congress be^ an to show better appreciation of 
this sort of work, and made more liberal appropriations. This enabled 
him to adopt a more comprehensive scheme. Instead of working only 
at one locality, as had been done previously, be was able to begin 
independent surveys at several places at once, each section employing 
its own base. He proposed eight sections, which number was increased 
OD tbe annexation of Texas, and again on the annexation of California. 

Two of the most important improvements of modern geodesy were 
perfected and brought into oae at the beginntug of Bache's superin- 
tendenoy, namely, Mr. Talbott's method of determining latitudes and 
the telegraphic method of determining longitude. Various other t&- 
flnements in every branch of work were introduced. Systematic obser- 
vations of tbe tides, a magnetic survey of tbe coast, and the ext«nsioa 
of the bydrographic explorations into the Gulf Stream were also insti- 
tnted by Bache. 

Having estende<l the scope of the Survey, Bache needed a greater 
nomber of assistants, but the supply was not wanting. Says Prof. T. 
SSI— No. 3 19 
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H. Safford,* " he foand available for its higher geodetic works a nnmber 
of West Point officers, of whom T. J. Lee was one, and HumphreyB, af- 
terward chief engineer of the Army, another. One of the leaders in 
practical astronomy of the topographical cngiuecra was J. D.Graham ; 
and the work which had been done by that corps upon the naCTonal and 
State bonndaries had familiarized a good many Army officers with field 
astronomy and geodesy. 

"Bache, who had been ontof the Army nearly twenty years employed 
hisgreat organizing and scientific capacity in training the Coast Surrey 
corps (including detailed Array officers) into practical methods for its 
varioos problems ; and the connection between tho West Point officers 
and tho able young civilians, who are now the veterans of the Survey, 
was extremely wholesome. 

" Lee prepared a work (Tables and Formnlte) which has served an 
excellent pnrpose in bridging tha gap between theory and practice ; 
especially for the last generation of West Point ofKcers. " 

Graduates of West Point are now more closely empioyeil in military 
and other pnblic dnty, andareno longer employed in the Coast Survey. 

The work of the Survey was interrupted by the Civil War. Soon 
after its close Bache died (1867). Benjamin Peiroe, his successor in the 
superintendency, said of him : " What tho Coast Survey now is, he 
made it. It is his true and lasting monument. It will never c«a8eto 
betbeadmiration of the scientific world. • • • It is only necessary 
conscientiously and faithfully to follow in his foot-steps, imitate bis ex- 
ample, and develop his plans in the administration of the Survey ." 

Under Peirce, the survey of the coasts was pushed with vigor, and 
itraptdly approached completion. He proposed the plan of connecting 
the survey on the Atlantic Coast with that on the PaciHc by two chains 
of triangles, a northern and a southern one. This project received the 
sanction of Congress, and thus the plan of a general geodetic survey 
of the whole country was happily inaugurated. 

Benjamin Peirce's successor on the Coast Survey was Carlile Pollock 
Patterson. lie was a graduate of Georgetown College, Kentucky, and 
had for many years previous to this appointment, in 187i, been connected 
with the Survey as hydrographic inspector. Under him the- extension 
of the Survey into the interior of our country, as inaugurated by Peiroe, 
was continued. By the completion of this work this country will con- 
tribute its fair share to the knowledge of the figure of the earth, which 
has hitherto been derived entirely from the researches of other nations. 
On aooount of this extension, the name, " U. S. Coast Survey," was 
changed, in 1879, to " C". S. Coast and Geodetic Survey. " 

Patterson died in 1831, and Julius Erasmus Hilgard became bis sao- 
oessor. Hilgard was born in Zweibriicken, Bavaria, came to this coun- 
try at the age of ten, and at the ago of twenty was invited by Bache to 
become one of his assistants on the Survey. Hilgard soon came to be 

*MathemAtic&I TeachiugB, p. 6, 
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recognized for great ability and skill, and roae to tbe position of assist- 
ant in charjce of the OfficB in Washiugton. He held tbe superint«nd' 
ency from 1881 to 1885, when lie resigned. His worli cODSisted cliiefly 
of researcbes and discussions of results in geodeisy and terrestrial 
physics, and in the perfecting of the methods and instniinentB em- 
ployed. The superinteudency was nest intrusted to Frank M. Tliom, 
who was sDcceeded in July, ISSO, by T. G. Meudeuhall, who uow fills 
tbe office. 

The work of tbe V. H. Coast Survey baa been carried on with great 
efficiency from its very begiutiing, and reflects great credit upon Amer- 
ica. In inaliiug the computations for the Survey, the metbod of least 
stjuares for the adjustment of observations has fuuud extended appli- 
cation. Valuable papers on this anbject by Baohe aud Scbott have 
been printed in the reports of the U. S. Coast Survey." Charles A. 
Scbott graduated at the Polytechnic School in Carlsruhe, came to this 
country in 1848, and has since that time been au efficient worker on the 
U. S. Coast Survey. He is now chief of the computing division. 

It will be remembered that interesting researches on least squares 

Kd been made (juite early iu this country by Robert Adrain. Benjamin 
tree invented a criterion for the rejection of doubtful observations.t 
proposes a method for determiuing, by snccessive approximations, 
whether or not a suspected observation may be rejected. Tables are 
needed for its application. Objections have been made to its \i!ie, be- 
cause it "involves a con trail ictiou of reasoning,"} The criterion is 
given by Chauvenet in bis Metbod of Least Squares (1804), and has 
been used to some extent on the U. S. Coast Survey, but it has found 
no acceptance in Europe. Chauvenet gives an approximate criterion 
of his own for the rejection of one doubtful observation, which is de- 
rived, he says, " directly from the fundamental formula upon which the 
whole theory of the method of least squares is based." But this cri- 
terion, too, has been criticised as being " troublesome to use, and aa 
based on an erroneous principle." Stone, in England, offered still an- 
other criterion for tbe rejection of discordant observations, but Glaisher 
pronounces it uutrustwortby and wrong. No criterion has yet been 
given which has met with general acceptance. Indeed, Professor New- 
comb considers it impossible that such a one shonid ever be invented. 
Says he (in his second pajwr mentioned below): "We here meet the 
difficulty that no positive criterion for determining whether an observa- 
tion should or should not be treated as abnormal is possible. Several 
attempts have indeed been made to formulate such a criterion, the best 
known of which is that of Peiree," 

• Sea reports for tha years 1350, 'm, '56, '58, '61, '04, '66, '67, '75, 

t Gould's Astronomical Jouraal, Vol. II, pp. lei's. 

t See Pror. ManiQeld Morriman's articto la tbe TraoaaotioDS of tbe Cooneotlont 
Atademf, coutaiaing a list of writini^ relating to tbe metbod of teaac squares and 
the tbeoiy of the aocidental errora of obserratioQ, which oompriaM 409 UU«& b^ ASt% 
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Valaable papers on least squares have been contributed in this coun- 
try by G. P. Bond,* of Harvard ; Simon Newcomb, t 0. S. Pierce, | and 
Truman H. Safford.§ The text-books on this subject generally used in 
our schools are those of Ghauvenet, Merriman, and T. W. Wright. 

* «On the nse of Eqaivalent Faotors in the Method of Least Squares/' Memoirs Ameri- 
can Academy, Vol. YI, pp. 179-212. 

t '* A Mechanical Representation pf a Familiar Problem," Monthly Notices of the 
Astronomical Society, LondoD, Vol. XXXIII, pp. 573-'4; ''A Generalised Theory of 
the Combination of Observations so as to Obtain the Best Besults,*' American Jour- 
nal of Mathematics, Vol. VIII. 

t "On the Theory of Errors of Observations,'' Report U. S. Coast Survey, 1870, pp. 
200-224. 

) " On the Method of Least Squares/ Proceedings American Academy, YoL XL 
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fSBlCATHEU 

The mathematiiEteacIiing of the last tea years iadicatea a"rnp< 
tare" with antiquated tcAditional methods, and an " alignment irith the 
inarch of modern thoaghl.'* As yet the alignment is by no means recti- 
fied. Indeed it has but barely begnn. The "rapture" is evident from 
the publication of snch works as Newcomb^s series of mH,tbematioal text- 
books, recent publications on the calculus, the appearance of such alge- 
bras as those of Oliver, Wait, and Jouea, Phillips and Beebe, and Van 
Velzer and Blichter; of such geometries as Halsted's "Elements" and 
"Mensuration;" of such trigonometries as Oliver, Wait, and Jones's; 
of Oarll's Calculus of Variations; Hardy's Quaternions; Peck's and 
Hauns's Determinants; W. B. Smith's Co-ordiuate Geometry (employ- 
iBgdetermiDants); Craig'd Linear Differential Equations. 

Determinants and quaternions have thus far generally been offered 
as eleetive studies, and have formed a crowning pinnacle of the mathe- 
matical courses in colleges. It is certainly very doubtful whether this 
is tbelr proper place in tbe coarse. It seems quite plain that the ele- 
ments of determinants should form a part of algebra, and should be 
taaght early in thecourse, in order that they may be used in the study of 
co-ordinate geometry. What phice should be assigned to quaternions is 
not quite so plain. Prof. De Volson Wood introduces their elements in 
his work on coordinate geometry. The professors of Cornell have not 
tanghtqnaternious directly for some years, but are convinced that moat 
stadents derive more beneUt by a mixed course in matrices, vector ad- 
dition and subtraction, imaginaries, and theory of functions. The early 
introduction of determinants seems more urgent than that of quaterai- 
ODS. We think, however, that great caution should be exercised In in- 
corporating either of these subjects in the early part of mathematical 
courses. Those universities and colleges which are, as yet, not strong 
enough to maintain a high and rigid standard of admission, and whose 
Htudents enter the Freshman class with only a very meagre and super- 
ficial knowledge of the elements of ordinary algebra, would hnd the in- 
troduction of determinants and imaginaries as Freshman studies a 
hazardous innovation. One of the very first considerations in mathe- 
matical teaching is thoroughness. In the past the lack of thoroughness 
has poisoned the minds of the American youth with an utter dislike and 
bitter hatred of mathematics. Whenever a subject is not well under- 
stood, it is not liked; whenever it it well uadecKtood, \t \'a ^i^u'^c^'^ 
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There is almost always some one author ■whose text-books reach 
very estended popularity among the great mass of schools. Such aa- 
thore were Webber, Day, Davien, and Loomis. If we were called npon 
to name the writer whose books have met with more wide-spread circa- 
latiou daring the last decenniam than those of any other aathor ^e 
should answer, Wentworth, Mr. Wentworth was born in Wakefleldi 
N. H., fitted for college at Pbillipa Exeter Academy, graduated at Har- 
vard College in 185S, and then returned to PhilHjHjExeter Academy, 
where he has been ever since. He had for iustniotSrs in mathematics, 
at the academy, Prof. Joseph Or. Hoyt, aftefwijpff'chancellor of the 
Washington University In St. Louis ; and, \^ (f^ege, Prof. James Mills 
Peirce. " The characteristics of my books," says Mr, Wentworth, " are 
due to what I have found from a long experience is absolutely necessary 
in order that a pupil of ordinary ability might master the subject 
of his risading. To learn by doing, and to learn one step thoroughly 
before the next is attempted, constitute pretty much the whole story." 
Id point of scientific rigor Wentworth'a books are superior to the popu- 
lar works of preceding decades. It seems to us that the book most 
liable to criticism is his Elementary Geometry (old edition). He has 
been greatly assisted in the writing of his books by leading teachers 
from different parts of our country. Some of the books bearing his 
name are almost entirely the work of other men. 

It is to be hoped that the near fatnro will bring reforms in the mathe- 
matical teaching in this conntry. We are in sad need of them. Fron 
nearly all our colleges and universities comes the load complaint of io- 
efflcient preparation on the part of students applying for admln^ion; 
from the high schools comes the same doleful cry. Errors in mathe- 
matical instruction are committed at the very beginning, in the stady 
of arithmetic. Educators who have studied the work of Prnsslan 
schools declare that our resnlLs in elementary instmction are far infe- 
rior. Says President C. K, Adams, of Cornell University : • "In the 
lowest grades of schools our inferiority seems to me to bo very marked. 
The results of the earliest years of the European coarse, I mean those 
devoted to teaching the boy, say from the time he is nine years of age 
until he is fourteen, when compared with the fruits of the courses par- 
sned daring the corresponding years in the average American school, 
are immeasurably superior." President Adams institutes a comparison 
between Brooklyn and Berlin schools. Speaking of a Brooklyn boy of 
fifteen, ho remarks : " In the first place it must bo said that he has had 
forced upon him six hoars a week in arithmetic, during the whole of 
the seven primary grades. Then on emergingfrom the primary school, 
and coming into the grammar school, he is required to take an average 
of foar hours a week in the same study, during all the eight grades. 
That is to say, during the whole of the boy's career in school, from the 

'New England AssocmtioD of CoUpkb" nod Frapantory SchooU; AAdwn— _^d__ 
Frooeediaga At the Auuual Meoting, ItSSi^, p. 'iA. ^^^^1 
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time he is seven antil be is fifteen, he has devoted no less than five hours 
a veek of recitatioiis to the etndy of aritfametio alone. If we deduct 
the boars devoted to reading, peninaiiBhip, and music, we find that flve- 
eleveotbs of what remains is devoted to arithmetic. Making do de- 
doctioDS, and including tbo hours devoted to the elementary work re- 
qairing no preparation whatever, we find that arithmetic occnpies in 
tfae olaas-room considerably more than one-fourth of all the student's 
time, during the whole of seven or eight years." 

This statement is applicable with equal force to probably all our 
Bcbools. The fact is that the study of arithmetic baa been, in one 
Bense, greatly overdone in this country. The most melancboly thought 
Id this connection is that, after all, our boys and girls acquire only a 
deficient knowledge of this subject. Fersonswho had opportunity for 
comparison assure us that the American boy does not "fignre" as 
rapidly and accurately as the German boy. 

If the above assertions be true, then it behooves the American 
teacher to inquire wherein the foreign methods of teaching excel his 
own. lo some circles the study of pedagogy has not been popular. 
This apathy is, we think, partly due to theinfiuenceof some of our nor- 
mal schools. Mauy of our normal Rchools hare been conducted very 
efficiently, but others have had teachers in their faculties who lacked 
breadth and depth of scholarship, and who brought the study of peda- 
gogy into disrepute by their narrowness and their lack of elasticity in 
the application of methods. This aversion to the etndy of theories of 
teaching is now happily disappearing. Our universities and colleges 
are beginning to establish chairs of pedagogy. 

Improvements in the teaching of arithmetic might probably be 
effected by the general introduction of some such method as that of 
Grabe. The first complete exposition of this method was, we believe, 
published in this country by F. L. Soldau, formerly principal of the St. 
Lonia S^ormal School. It seems to gain ground here every year. 

A most valuable and suggestive monograph on mathematical teach- 
ing has been written by Prof. T. II. Safford, of Williams College. 
Professor SaHord is an advocate of the hetirigtic method of teaching. 
Gmbe is the representative of this iii arithmetic. The method employed 
by Spencer in his little book ou Invenlioual Geometry is similar to the 
henristic, if not identical with it. The heuristic is, in general, the 
method in which the pupil's mind does the work. It is a slow method. 
Thns, Gmbe considers the numbers from 1 to 10 sufficient to engage 
the attention of a child (of six or seven years) during the first year of 
sehooL " In rvgard to exteut, the scholar has not, apparently, gained 
very mncb — he knows only the numbers from I to 10. But he knotrs 
them."* The Germans " make hiiste slowly," but in elementary eiluca- 
tion they beat us in the race. Geometry, like arithmetic, should be 
taught sparingly at a time, but for many years in succession. Prufcs- 
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sor Safford (strongly recommeDds the parallelism of the two main 
mathematical snbjects — arithmetic iocladiag algebra, and geometry 
iDcluding trigODometry and oonlo eectiona. Thereby tlie study of 
algebra and geometry can be extended over a longer period of time. Ac- 
cording to bis ideal programme of Btady, primary arithmetic is accom- 
panied by notions of form and drawing; arithmetic through rule of 
three, by rudiments of geometry ; universal arithmetic and simple equa- 
tions, by one or two books in plane geometry ; algebra through qaad' 
ratios, by plane geometry ; advanced algebra, by solid geometry, conic 
sections, plane trigonometry, etc 

" Of course this programme is somewhat variable, but the main prin- 
ciple, that a course of arithmetic mnst run parallel with one of geometry 
from the beginning of aschool course to the end, is one which is laid 
down by the best educators since Festalozzi's time."* 

In order to enable the writer to give a view of the present condi- 
tion of mathematical teaching, the Bureau of Edacation sent to vanons 
universities, colleges, normal schools, academies, institutes, and high 
schools, a printed letter with a series of questions to be answered. Wd 
give a list of the institutions which sent iu replies, aud state the 
suits as fully as our space will permit.! 
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(d) UNIYEBeiTtKB AXD COLLSOKO— COQtilllted. 
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LoMtlOD. 


t-porUng. 


Title or position ofperMS 
raportlnji. 


CnlTiinlty of Colorado . . 


Boulder, Colo 


LM.DoLong..,. 




u 


SUtoSohoolorUiDU... 


Oold«D.Colo 


PtuliSejet 


Do. 


u 




Stom,Ganii 


W.P.WMhbiKn.. 


ProreHOrofobemlatryand 






&uli[>rd,Ci«n 












Wd HtrODDlDJ. 
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nnl™rrilj-ofD.iol».... 


Voimmion.DBk.... 


L.S.Holburt 


Profesiot of mathenutUoi, 




DukoU School of Mln« . 


B»pldCltJ.D«k.... 


I.L.CODMlt. 


Do. 


It 


Gnrgciaim Collseo 


WiwlilDgloti.D.C... 


J,P.D.w»n 


Profeuor of pb;aicB tat 


i- 


KRtloul Da^Mato Col- 

lu*. 


....do 


(JuKphCGocdoD 
iA.G.Dr.per 


AHldmt ptoreiior of 
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D..lL.«H.Uct. 




Db Lind UnlTBMity 


D«Und.FU 
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G.M.Mip.t 


PtMldantwidppofeMoror 




Turned RiTBT. 








11 


CoUoee, 


LtksCilr,B1> 


I,.H.OrIemui 














S 


ymth QwTEla Agrioult. 
unUCoUoge. 




■W.3.W-ll»on 


Do. 






C«TO Spring, Q«.... 


£.T.Wh.Uaj..., 






TTnivonltj of Oeorela.-. 




_ 


w™, v^in 






a 


niln(.1.Sl»WNonD«IUnl. 
Ter.ltj. 


NormmU 


J.W.Cook. 




M 


Lombwd University 


G.lesbiiri.IU 


j.v.y.stMdirti- 




n 


M'Keiidwi College 


telMU.on.m 


A.O.JepKrn 






eonnOD' English Collego- 
LlnrolnUniterBlty 








u 


Lli«oln.m 


J.W.P.BnchMM. 




H 


Lkke Forwt Dulvoralt; . . 


I-keroreit,ni 


M.UD:feUI 


^^^^^'"™"" 
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ITnl*e»lt7 of macU, .... 


TTi.h.... Til 


jS.W,81i.ttnck.. 
i8.H.Pertodr.... 




■ 








jMluonTillftlU.... 
N.p6riTilla,lll 






>7 


Sorth-WBitHnCoUeg... 


ttF.Klet»li.e.... 




,- 














Richmond, lod 

TerrBHmQtB,]jid... 






11 


RoH PoljtBclinlo Insti- 


CA-Wsldo 


J 


^ 


DePmwDnlTBriity 




A-Mu-lln 






rrttntlln,Ind 

Covington, Ind 


B.J,Th0Bip»0D.,. 

aK.Cofflo 




M 


IndiuuMonnalColleEB- 












W 


auta nnlTsnlty of lom. 


low. City, low.... . 


LG.Wdd 


Aodng prorea»r of mntb- 
•m.Uui. 


ftt 


DoiVB«l^ofDMMoln™. 


DMMoInemlow.... 


T.lLBUkiJee.... 


Pb. D., Tale, isao. 


■t 


Oikiloou College 


Oak.Iaa9.,lDwit .... 




PreaidenL 


B 


OpfarlBiTA UnlTUllV .. 


r.yettB,lowa 


f.W.BiMtil 


i 



1 



J 



298 



TEAOHINa AND HISTORY OF HATHElCATIOfl. 



(a) UinvEB8rnB8 akd Collbobs— Contiiiaed. 





• 

Kune of institntion. 


Location. 


Name of person 
reporting. 


Title or position of person 
reporting. 


80 


Otwego College for Young 
Ladies. 


Oswego, Kan 


S.H. Johnson 


PiindpaL 


61 


XTniTonity of KansM 

OtUwa TTnlTcnlty 


Lawrence, Kan 


E. Miller 


ProffMiaor of matfamnatiflai 


82 


Ottawa, Kan 


M.L.Waid 












and political adoBoe. 


88 


Bethany College and Nor- 
nal Instltate. 


Lindsbmrg, Kan 


W« A. Granrille .. 


Professor of mathematte 


84 


Washbnrn CoUege 


Topeka,Kan 


P.McYioar 


President 


85 


Kanias State AgTicnltnial 
College. 


Manhattan, Kan .... 


D.E.Lants 


Professor of «****>»<M»fttiflt. 


80 


West Kentacky Classical 
and Normal College. 


South CarroUton,Ky 


"W.C.Gaynor 


President 


87 


Millertlmrg Female Col- 
lego. 


MiUersbnrg^Ky .... 


C.Pope 


Do. 








68 


Beroa CoUem. ............ 


BereOiKy 


P.D.Dodge 


Acting proftasor of math- 
ematics. 








80 


Bmlaenoe College and 
Normal School. 


Eminenoe^Ky 


H. Boring 


Teacher of mathematioi, 
Latin, and Greek. 






08 


Ocden CoUese 


Bowling Oreen, Ky . 


W. A.Ohmoliain.. 


President 


01 


Kentaoky Clasaioal and 
Basineos College. 


North Middletown, 
Ky. 


aW.Pearcy 


Do. 


OS 


Hamilton Female College 


Lexington, Ky 


J.W.Porter 


Professor of matbematifli 
and Latin. 


08 


ITASAhlA If aIa anil UlAtnftlA 


Keachie, La 


G.W.Thigpen — 


ProfMSor of mAthemsiiM. 




College. 






04 


Mount St Mary*s College. 


Smmitahnrg, Md . .. 


J.A.MitcheU 


Professor. 


06 


Weatem Maryland College 


Westminster, Md... 


W.R.McDaniel.. 


Profbsoor of mathenatioa. 


00 


BaltimoreCity College .... 


Baltimore, Md 


W.EUlott 


Principal. 


07 


Johns Hopkins Unirersity 














and astronomy. 


08 


XT. S. KaTal Academy 


Annapolis, Md 


W. W. Hendrick* 
son, J. M Rice. 




00 


Maryland Agricultural 
CoUege. 


Agricultural College 
P.O.,Md. 


H.B.AlTord 


Prealdent 


70 


St John's College 


Annapolis, Md 

OrottO,Me 


J.W.Cain 

.T -Tf.l^ftrt ,,, 


Professor of mathematloa. 


71 


Maine State College of Ag- 
rlonltore and Mechanic 


Instmotorfn nathematifiai 










Arts. 








72 


Colby Unirersity 


Waterville, Me 


L.E. Warren 


Professor of mathematica. 


78 


East Maine Conference 
Seminary. 


Buoksport, Me 


A. F.Chase 


l*rincipal. 


74 


Bowdoin College 


Brunswick, Me 


W.A.Moody 


Professor of mathematkMu 


75 


Bates College 


Lewistou, Me 


J.M.Rand 


Do. 


76 


Agricultural College 


Amherst Mass 


CD. Warner 


Professor of mathematioa 
and physica. 


77 


Wesleyan Academy 


Wilbraham. MaM . . . 


B.S.Annis 


Instructor in mathomatJot. ' 


78 


The Society for the Colle- 
giate Instruction of 
Women. 


Cambridge, Mass . . . 


A. Oilman 


Secretary. 


79 


Smith Collese 


Northampton. Mass. 


E. P. Cnshing 


Teacher of mathematloa. 


80 


Lasell Seminary 


Aubumdale, Mass . . 


L. M. Packard . . . 


Instructor in mathamatioa. 


81 


Swain Free School 


New Bedford, Mass 


A.lngrabam 


Master. 


sa 


Thaver Academy ■ • . 




C.A.Pitkin 


v^t^r <>f m athtm%ltm and 


/ 








phyaioa. 
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WluaanfiniUltmlDIi. 
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-TAr 


Title or podtioDnfpeTHf^ 

reportlDE. 


AnihomCoUeile 








■ » 


MuiucLi»BlU iDillluto 
ofT«il.«otojrj. 


Bottoo.Uu, 


J.D.Bonl<Io 


PtoteMorofmaihunatiefc 


K 


W illU toll Sum Ln«ry 


BMtbRmpton.UK» 


W.CBDjdoo.... 














r 


PolTtcebnlo Inatlliite. . . . 


Vor«al«r,Ui«... 


J.E.8lnBlaiT 


Pnfeuorotblfberiutlie- 


n 




SonthHadKy.Uu* 


B.V.Barii>aU.. 




" 


lllehltuMlnliiiScbaoU 


Houghton, Hlch... 


tt.M.B<l<rarJi..- 


Ptofwuor of mining and 


n 


Battle CraakCoUeit 


BattlB Creel. Mleh- 


3.H. Haojhej... 


UaitlienutlrAl department. 






Adrian. Mleh 

niUadalcUlch.... 

»liiiiM]wUi.Uii>ii.. 


G.B.MeElroy ... 

A.E. Hajnoa.... 
J. F. Downey 


Chairman of the facDlty- 






L : 


UloDHott State UdItw- 




■ 










W ' 


UlDiiewU. 


Hatnnne, Uiw. 


K.r,Me»tkU 




K 


WmjUngtnn UnlTerolty . 


8tLoiiU,Uo 


CM. Wood ward.. 


Do. J 


*g 


Eansu City Lldlu' CdI- 




J.lL0ba»7 


Prealdaat. ■ 


■ " 


Hlwonrl State Unlvartlv 


OolumWfcMo 


w.asmith 


Frofaaaoi of aKthaniatlea 


1* 


School of MiDBS, Uniwr. 
■itJofMinoarl, 




W.H.Boholii 






ematiOB. 


m 


OoUbbb of (Ur ChrliClan 
BtMhorg. 


St.Le™n.Mo 


Brother PautiaD.. 


Fruldeiit. 


uo 


Willi™ JbwcIICoUob"--. 




J.K. Clark 




Bi,rlne6«ld,Mo 










and pbjilCB. 


m 


C«)p«rKan.a1Co1lBKii... 


DateTilta. UUa 


T.F.UeBeath.... 


Pre^deot. M 
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^n ttttdmta m(«rinf| your iTDftfuJion fAoT^Htgh in (he mathnnalioi r«guij-«i /or aimiition t 

"No," "not geDOiallj-," "by no meaiu," "aolilom:" 3,5,6,7,6,9,12,13,14,16,17. 
19,30,21,23, 33.2S, 27 (but growing better), 39,31,33,36,39,40,42,43,44,47,49,51, 
62,53,56,57,58,59,60,61,03,06,67,68,69,70,72.73.76,80,82,83,86,88,91. 92,93 (bnt 
narked impTovemoDt exetj j-ear), 94, 96, 97, 99, 102, 104, 105, 109, 110, 111, 113, IIT, 160, 
161, 1(12, 163, 16-1, 165, 166, 167, 168 (and tbia is one of the evils of onr times). 

"Fairly so," " reasonably eo : " 10, 11. 15, 30, 32. 34, 37, 46, 55, 84,96. 

"Hot M thorough as we doairo : " 35. 38, 41, 71, 74, 87, 107, 108, 114, 116. 

"Yes:" 1 (moat of them).2e, 45 (generally), 54 (or fail to 6nter),64,65(nBQallr), 78 
(k fair proportion). 79 (senBTally), 89, 90 (or fail to anter), 100 (or tliey aro placed ia 
prepaiBtory dppnrtment), 101, 112 (generally}, 115. 
Ii Ihe mathtmalhal trarhing bn tezt-book or by leclaret 

This qaeation waa answered by all wbo sent in roporta. Tho folloiring forty lii 
answers were "by text-book," witboat indicating that any ioctorea wbalever were 
given: 6,7,11,12,14,17,18,20,21,24,25,26,29,30 (it is impossible to teach mathe- 
matios by lecture), 32, 33, 37, 44, 50, 61, 53, 63, 65, 68, 73, 74, 83, 88, 101, 102, 105, 107, 109, 
113, 114, 135, 13d, 141, 142, 147, 149, lEO, 151, 161, 163, 164, 
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The following eiity-five angwers wars " luniiily by text-book," " Uit-book ptind- 
p&lly," "text-book us a bnsU," " text-book siitl informal lecture^" or >oiii« similar 
pbraae, iadioatlng that tbe toxt-book predomiualed: 1, 3, ?,U, 15,19.22.2(4,31, 34, :)8, 
M, 41, 43, 45, 4T, 48, 52, 55, 57, 53, 59, 60, 62. C6, 71 , 72, 75, 77. 80, 86, 87, 8D, 110, 91,92, 93, 95, 
97, 100, 103, 106. liO, 116, 118, 119, 120, 122, la3. 128, 133, 134. 135, 130, 137, 143, 144, 148, 
ISJ, 156, 15a, 162, 166, 167, 168. 

Tbe following flftf-fira answered "by both," or "by text-book anil lectmo," with- 
oat Myiug wbich predominated: 2,4,6,10,16,23,27,35,36,39.42,46,40,54,56.61,64, 
07,09,70,76,78,79.83.83,84,94,96.08,99,104.108,111, US, IIR, 117,121, 1«4, llt6, 127, 
ia0,130.13l.l32,l3!),140,14a,14ti,15a, 153, 154.157, 168, ISO, 165. Tlie aoawer of nnm- 
ber 13 h " by lectures, exoept elementary geometry ; " and of 61, " by locturo." 
What tnalhtmaticaljoariiaU an takm t 

The following aoawered "none:" 1,3.6,6,7,9,14,15,17,20,21.22,24,25,39,30,32, 
33,36,39,40,43,44,45.48.49,60,53,56,57,58,59.60,63,66,09.70.71,73.74,76.77.76,79, 
60,81,82,85,87,88,69.91,04,96,90.101.102, 103,104.105,107.108, 112, 114, 116, 117, 121, 
122, 128, IM, 133, 134, 141, 147. 149. 150. 151, 150, 160, 162. 163. 106, 167, 168. Some of 
these answers weie "none by the eolloge." "none that are pntely matbematioal," 
"aevoral Bcienliflo and enginoetiag joornals," but most of them were simply "none." 
In additioQ to this list, nnmbering eighty-lbnr, we may safely add thiity-three that 
did not answer this qneation in their report, making one bimdrcd and seventeen in- 
atitntionsout of one hundred and sixty eight that take no mathematical Jo uftia I of 
any sort devoted to pore mathematics, 

The following reported as tuking simply tba American Jonrnal of Mathematics: 
10,27,26,54,55.72,75,84,95,131.145. 

Tbe following, as taking simply tba Annals of Matbemntios; 4,6,13,16,23,43,64, 
90. 100, 110. 148. 157. 

Univenity nnmbered 11 is taking d.l;, r. narked below;* IS.b.d.n; I9.k; 35.l,d, 
i,>; Z-,k; 3S.b,d,q.n; 41.J,m,l; iG.b.k.etc; *^.b,d; 51, £. nearly all the foreign 
journals are expected after this year; 67, all the loading uuea; 68, nearly all mathomat- 
ioaljournals; 83, d, d, j; 86, 6, *, u ; 92.ir,I,(.,etc, ; 93,ft,d,- 97. b. J, etc.; 98, b.d.n; 
106,a, fr, Jabrbnch d. Yortscb. d. Math.; 109.d,j,p; 111, any we can get; US', a,), a, 
d,e.f,g.h,i.j,M,n,p,i,I.H; 152,ft,ii. j,m,p,(.(; 163.&,tf,<; l&4.d,»; I55,rf,y; 159,1^ 
jl.andothera; 161, g; 164,d,fc,I. 
Jrt there any titalhemalical icminaria or olubi, and how are then condueM t 

All answered in the negative, except the following : 

15, No clubs, nnleas speciatclassesforvolaDtary and outside reading 1>o9 
designated. Such classes are conducted like all other classes. 

36, Aclnb. The meetings of the clnb oucuron alternate Tuesdays. UeniUer- 
■hip about 25 ; topics are assiguod to or obosen by the student at hia option ; 
aasistanoe is given him aa he may need. The work Is pedagogical, rather than 

41. One. Beading and exposition of tbe more difficult parts of Williamson's 
Calculus. 

51. In connection with tbe SciODO« Club ; by lectures. 

67. There ia a mathematical society, in which there is free choice of subjects 
for communicatiOD, and there are two or tbreo seminaries for post-graduato 
atndents, conducted by tbe teacher on special lines. 

*(>t Acta MUhitmallca. (b> Amerieui jDani] of MathemiUo*. It} Annmlldi UitcmnUca. <dl 
Anaali of Haiben^Uw. «) Anhlr d. Ualh. n. Fhyalk. (/) Bullctiii a» 6i<Lciic» Malta, et Aatnn. 
(at BdIIbUd ds SdcWM UUh. (fl) Camptc* Bcadna. (0 Jonn»l de Ualh. (LiunvUle). Ii\ Jonrsal 
t ra[o< a. ujiBW. Milh. (CreU«), (t) UaUiflmaUvKl UnptiilDe. |{) Maltaeinitiaal Vialtdr. (m) Uatlia- 
natlioba Aamlna. {n) Usuenirer of MiCbimntlcii. (a) ProcdKllnea I^cdon ^laih. Soclelr. Ip) 
MdotsUm AduIm da Uatb. (j) Sohool Viiltor. (r) Bcboul UiuMDger. (ii Quutcil; JoaloaL el 
Katli. {<) Zsluohiin f, UMb. u. Fliyi. (H) Zeiuoluifl L TeroiHiuii^aDdo. 
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Art A«reaiiji natlienatical aeninariei or oluia, and how art thtyeonduoledt — Continned. 

115. Yea, one. It propuaes to iUscium llie litemluro of mntbentBtics, to *o1t« 
problema ^iveu by meubiTs, aud U> make original investigations. 

136. No olobs, but semtunrieB, throaglipart of legnlar i>oar8e, but not very 
fonnal ; tboy are intended to affard studenta oppoctunity of working problema 
andBr gnidauce. 

143. Thoie are men id each claan studying for Lonora. The priucipal p»TC of 
their work is tlie solution of original proliloms. I meet thein ftoi^iiently for 
dtecossions and snggiastioue. 

15ti. No cUbH; tbu leotures and recitntions rognUrly eitend through 
and a half, aud at each original solations uf problems are given, nndne 
aie called fur. Each meeting of e»c1i oloaa is o seminarium. 
Ar» th»eany teholarihipt or fillaieihipi for graduate tluienli in tiiathematic4 1 

I All who answered this said" no," excBpt the folloiring ; 

67. Yes. 
84. None for raathomatios ejolostvely. 
en. One is occa«ioua11y given to a man of high promise, 
93. Fellows are alloned to choose mathematics. 
97, One fellowship ; two scholarships await inatantl)- State spproprlatioa 
for support. 
' 115. Yes, an annaal fellowship in aeience. 
13G. One fellowship awarded yeaiiy to a proptrly qualifttd graduate of any 
college. 
14.'i, Yes. there is one, retainable for two years. 
159. Oc cosioD ally eon ferrcd on deserving students wishing to proscontotbeii 
studies at other institntions. 
fi tilt vtTcentagr of etudetttt tlecting Mgher mathtmatia increaii'ig or ^ecreaiingt 
The followitigreportcd"iiicri*n»ing:" 1,5, 6, S, 9, IS, 15 (among Bclentifie students), 
I 18,21.24,25,26,27, a«, 31, 32, 33(t),35, 37.38,39, 40, 43 {!), 46,50,51. 63,54,65,56(with 
[ gentlemen), 57, 59, 63,73,75,76,78,70, B2, 8^, 90,93,97,98, 99, 101, 103, 106,103,111, 
I Jia.113, 116, 117 (I), 119,123, 121, 125, 126, 128. 129, 132, 137,140,142,144, 145,149, 150, 
161. 153, 154, 156, 157, 158, 159, 160, 161, 1&4, 165, 166. 

The following reported "about constant." " neither inereasing not decreasing:" 
^4, 23, 30, 48, 67. 70, 74, BO. 81, 86, 91, 92, lOO, 104, 107, 114, 1 15,118, 12B, 127, 130, 131, 141, 
147,146.162,163. 

tThe following reports indicated a " decrease :" 15 (among classic sttideute), 44, 49, 
* S6 (with huliea), 63. 
The following reported that none of the mathematical studies were eleotive : 10, 
11, 17, 18, 20,22, 36, 41, 45, 47, 52, 65, 71, 65, 87, 91, 96, 103, 105, 108, 180, 133, 135, 139, 143, 
146,166. 
Doulktintertitin matkematict increatt M atudeatt advance to higher rahjtctit 

"Yes;" 3,5,6,8.10,11.13.16,17,18.21,22,23,26,28,29,30, 32, 35, 36. 37, 38, 40,41, 
48,48,48,50,61,52,5;t(very mnoh),54 (Keaerally),55,57,59,60,61, 63,63,66 (I). 73, 77, 
79,82,84,87 (generally), 88,90, 02,93,9-1,95,98, 101, 102, 104 (T), 105 (!], 103, 111, 112, 
113, 118, 118, 119, 122, 123, 126, 131, 132, 133, 134, 139. 140, 145 (generally), 146, 147, 150, 
ISl, 163, 154, 156, 157, 158 (emphatically so), 159. 160, 161, 16J, 164, 165, 166, 167. 

"With the best students only," " with those students whose mental tendencies are 
ftlong mathematical lines," or some similar remark: 1,4,9,12,21,25.31,33, 34, 43, 44, 
45.47, 56, 58, 68, 70, 71, 72, 74, 75, 76, 80, 81, 85, 107, 114, 120, 121, 124, 125, 137, 128, 129, 130. 
136. 137. 141, 142, 143, 148. 149, 152, 1R5. 

"The inletest increases so long as the stndent sent the bearing of bis work npon 
pisottonl scientific investigation or can be assured that it has such a bearing." "It 
« M application to piftotiool matters is shown : " 15, 19, 60, 103. 



304 TEACHINa AND HIBTOBT OF MATHEMATICS. 

"All who understand the prinoiplet show a fiprowing interest," ''where proper 
prexmration on the part of the student has been attended to and the teacher is a lire 
man, it does" (110), ''The interest is according to the clearness of apprehension of 
mathematical truths. Hence, the more evolved or ahstrnse the matter, the greater 
the interest to those who succeed " (144) : 87, 91, 97, 110, 115, 144. 

"No : " 2, 7, 'iO, 34 (for poor stadento), 39, 43 (for the majority), 49, 86, 100, 106, 109, 
135, 162, 168. 

Are prizes awarded far exoellenee of daily claes-roam work, or for euoeeee in orgituU 
researeht 

" No prizes awarded : " 1,4,6, 7, 8, 10, 13, 14, 16, 17, 19, 20, 21, 23, 28, 29, 30, 31, 32, 33, 
34, 35, 37, 38, 39, 40, 41, 43, 46, 47, 48, 49, 50, 51, 52, 53, 55, 56, 58, 59, 60, 61, 63, 64, 65, 68, 69, 
70, 71, 72, 73, 76, 78, 79, 80, 81, 84, 85, 87, 88, 89, 90, 91. 93, 94, 95, 98, 100, 101, 103, 104, 105, 
106, 107, 108, 111, 112, 114, 115 (except class honors), 119, 120, 121, 122, 123, 124. 125. 126, 
127, 128, 129, 131, 132, 133, 135, 136, 138, 139, 140, 141, 142, 144, 145, 147, 148, 149, 150, 151. 
152, 154, 156, 157, 158, 160, 161. 164, 166. 167, 168. 

"For both:" 2, 9,36,67 (bestowal of scholarships and fellowships is based upon 
both the considerations), 82, 99, 134, 155 (but I do not believe in prises). 

" For work in the class-room : " 18, 22, 25, 26, 62, 66, 77, 86, 96, 118, 137, 143, 159, 162. 

" For outside work, not generally original : " 15, 116. 

" For original investigation only : " 97, 102, 117. 

" Tes, prizes are awarded : " 3, 5, 11, 12, 24, 27, 54, 57, 74 (scholarship of |300 to best 
Sophomore in mathematics), 92, 97, 109, 110, 113, 165. 

What mathematical suhfeote are preferred hy etudenist 

The answers given point to no definite conclusion. For want of space, they ars 
here omitted, except the following : " Their prtferencea are generally for theparUeular 
euhfect which they have had the best elementary training in^* (148). 

Are topioi assigned to students for special investigation t 

1. Yes. < 

2. Problems are proposed. 

3. Sometimes prize problems are given to students* 

5. Yes. 

6. Yes. 

7. For the higher classes. 

8. Yes; often. 

9. Yes. 

10. Not in general. 

11. To a small extent. 

12. Occasionally. * 
14. No. 

17. Yes. 

18. Sometimes. 

19. Occasionally. 

20. No. 

21. Yes. 

22. No. 

23. Yes. 

24. Yes. 

25. No. 

26. There are. 

27. Independent problems given in aU the classes for solution, reported oq 
paper. 

28. Once each term. 

29. No. 
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Art fop<ot Mff^ned io Btudeniifar ipeoM inv€$tigaUon f— Continaed. 

30. Not mnoh. The num who pnnnea original invostigAtion^rith the aver- 
ago etndent will make a lailme. 
.31« Wo hayo not been aconetomed to do so. 

32. Not to any extent that deaerret mention. 

33. Praotioally, no. 

34. Nottonnder-gradoates. There are no graduate stadente in mathematios 
at present* 

35. Tea. 

36. Yes; but necessarily elementary. 

37. Yes, sir. 

38. Yes, in connection with the olab and for graduation theses. 

39. Yes. 

40. Sometimes ; but our classes are generally so closely occupied by their 
Taiious studies, there is but little time for extra work. 

41. No. 
43. Yes. 

43. Yes. 

44. Frequently. 

4&. They are, and form a very essential part of the work. 

46. Students in the higher classes are assigned such topics. 

47. None advanced enough. 

48. Yes. 

49. Sometimes. 
51. Yes. 

58. Occasionally. 

53. Yes. 

54. Yes. 
56. No. 
56. Yea. 
58. Yea. 

69. Yes; with good iuoeeaa. 
60. Yea. 

63. Yea. 

64. No. 

65. No. 

67. They are in the aeminacici. 

68. No. 

69. Afbw. 

70. To a limited extent. 

71. No. 

78. Not to any great extent. 

73. Occasionally. 

74. In elective divisions. 

76. To some extent. 

77. Rarely. 

78. Yea. 

79. No. 

81. Yes. 

82. Yes. 

84. No. 

85. No. 

86. Yes, to post-graduates. 

87. Yes. 

88. Not often. 

881— No. 3 20 



Are tapici a$Hgned io HitmUfl^ l^dttdi ihfim§HMn t^Oii^imti. 
BS. in ii^H«d mh€htttit6, ycift. ' 

90. Not for original inTOBtigatioD, but tfiktr^ii^i 

91. Oocasionally. 

92. Tee, for thesis in geflefal g^Mi^iif §Md eiAiSniiii. 

93. Yes, especially in elementary geometry, analytidil gbdOtUfff^ ^MttAcolxu, 
M; Ydii. 

95. Rare. 

96. Only to a limited extent. 

97. Sach assignment has hitherto ifita oHif i^ie^pimSii t«r«Afl»r id be made 
regular. 

98. In *p|fti«a ibifiti^iiiillf 6« il^Mf *r6 r^qtiif 6d dt ip6bM mg^Mf ind origi- 
nal investigation encouraged. 

99. z Oo. 

100. No. 

101. Tes. 

102. Yes, in all the different branches, especially in applied fSiiiiflffiatios. 

103. The graduating and other theses are on subjects divi^Ml MMiong the 
departments. . 

104. No. 

105. No. 

106. They are. 

107. Yes. 

108. Yes. 

109. No. 

110. Yes, this is encouraged in all the classes, but iU UttSWM beif in the 
higher classes. 

111. Yes. 

112. Occasionally original theorems and problems are given. 

114. Occasionally, results submitted in original theses. 

115. No, except the work done in the seminary. 

116. Yes, in all classes of all departments; 

117. No. 

118. Yes, to a large extent in geometry. 

119. In pure mathematics very seldom; not in applied matheiiirticUb 

120. Yes. 

121. No. 

122. No. 

123. No. 

124. We have this in view for next tenn. 

125. None as yet. 

126. Yes. 

127. Yes. 

128. Yes. 

129. To some extent. 

130. Yes. 

131. Occasionally. 

132. No. 

133. To some extent. 

134. Occasionally. 

135. No. 

136. I should consider this exercise profitable only to very advaiieed fIndeatB; 
ftud have not had occasion to employ it yet. 

137. Yes, to some extent. 

138. No. 
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139. No. 

140. Otta^niXtj. 

141. No* to itftj eiMni. 

M9; ftffl, in Applied g«ometty, iitrvcijing, airid plrysM 

143. Oocasionally to advanced students. 

144. Only «x«trolM8 in theorems and prolrleinfl; 

145. Tea. 

146. Yes. 
M7. Kc(. 

148. The SDlttiidn 6t ftobltms telstefl io ^e reeitations is teqniied. Nothing 
else. 

149. No. 
ISO.' aOi 

152. No. 

153. Tes. 

154. Tes. 

155. In the%igher classes topics are oecaslenany sniffteA. 
V9B: Ndi 

197. Original exereises are given at interrals. 

M. To gradvate students, candidates lor the d<)gree of PIl D. 

159. Bnt few outside of tezt>boo1t. 

160. Tes. 

161. No. 
Mti No. 

163. No. 

164. Yes. 

165. Yes. 
lee. Yes. 

167. To some extent. 

168. Occasionally.* 

(m) it iniv dUenHon given io the hiitory of fMtksmatlea t (i) D6e9 it maio ike 9uhjed 
wkore inleraHng t 

(a) " Yes : " 1, 5, 9, 18, 34, 35, 37, 39, 42, 44, 46. 48, 52, 53. 61, 63, 64. 65, 72, 80, 81, 90, 92, 
07, 98, 99, 101, 102. 108, 112, 114, 116, 123, 126, 129, 131, 135, 136, 138, 145, 152, 153 (great), 
154, 156, 157, 158, 160, 164. 

(a) " Very little," "only incidentally," '.* not much", etc.: 4, 6. 8, 11^ 12, 13, 16, 17, 19, 
2h 93^ 94/ 25, 27^ 28, 30, 38, 40. 41, 43, 45. 47. 51, 54. 55. 56. 58, 59, 60. 66. 67, 68, 73, 74, 75, 76, 
78,79,82.86,88,91,93.94,100,104,106,107.111,115,118,119,120, 121, 124, 125, 127.128, 
130. 133, 137, 143. 144. 147, 151, 159. 163, 168. 

(a) " No : " 3, 7, 10, 14. 20, 22, 29, 32, 33, 36, 49, 50, 57, 69, 70, 71, 77, 83, 85, m, 89. 95, 96, 
103, 105, 169, 110, 117, 122. 132, 134. 139, 140, 142, 146, 148, 149, 150, 161. 162, 166. 167. 

{h) " Tes," " it does," **rao8t decidedly," was the experience of all who had given any 
attention, in the class-room, to mathematical history, except the following, who were 
in donht : 11, 15, 16, 47, 56, 76, 104, 120. Even those were inclined to say « yes." JVb one 
answered that it did not make the subject more interesting — a clear case, 

^ow B^ dHHlgiienl mathetndHes HbHipdH in dUdpUnHry vdlke with stjntHUoalf 
1. I regard both methods equally important. 

4. I think synthetical has much the greater disciplinary value ; analytical 
i(4l ihnbli the greater vailue fbr practicdl application. Analysis is tfio princi- 
pal tool for investigation and work. 



* it'iflSlt ttifer6at Views tfeeiii to b6 {xnpUfid tH the UboKh ana won as to xrhstX odnstitates a " toplo 
te special investigation.** 
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Bom dou analytical matltmnatiei compart in diitlplinary valut tHth lynlMieal t- 

5. Analytical snpBrlor. 

6. Tho former used more largely in the GraiaiDai DepBrtment. 
6, Anal; tioal mathem alios gives the bettor mental discipline. 

9. I think both necessary to fall mental deyelopmeot, but if I were obliged 
tocboosB I abonld prefer aoalytieal. 

10. I can not Bay fairly, for my teacbing bas been ir holly in analytical matbft- 
matics. In my atadies I prefer that method. 

11. I nae combtnalion of both aud so can not well anawor. 

12. The development of reason is more regnlar, rapid, and Bubstuitikl in 
geometry than in any otberbraacliof thematliematical conne. Fur advanced 
Btndenta I wonid count algebraic aualyeia a snporior (liBcipUn 

13. It seemB to bo a (incation of individuality. 

15. I regard analytical matbumatica aa the more ralnable and the mor« Im- 
portant- 
IB. The former is anperior. 
17. It is eaperior. ' 
IB. Analytical aeema to be better. 

19. Common geometry, onnaidered aa an ayiplioation of logic, eapMially In 
the demonatration of miji "riders" and in very simple oiercisei in oonstmo- 
tiona, is of pre-emineot value to qnite yonug and andisoiplined niada. At dil'- 
ferent stages each lias its peculiar tknd really unmeaBurable value. 

20. They are of equal value. 

31. I have not data enough for aa opinion. 
22. Superior, ifthotvroare divorced; but the synthetical ahoold beu 

S3. Favorably. 

24. Analytical greater. 

25. With the majority of atadeots more aatisfaotory results a 
through the eyothetical method of re asooiog. 

26. Analytical preferred. 
3T. As a mlo, I have found that atodents stand better in geometry than i 

algebra. Wben analffliijaf geometry is clearly comprehended, It offoidatheb 
discipline for the mind. 

SS. Synthesis seema to give better diaoipline. 

30. Analytical preferable. 

HI. The former is a bettei test for form and Sgnre, the latter ai 
the memory. 

32. Wo hava no clasBea aoffioicDtly advanoed to tMt the relstlTe Talae ftx- 
tenaively. 

33. If the vrork be the same in both, the syntheticaL 

34. Hy oirn preference is annlytical. 

35. Conld not get along with either method left out (Professor Shattiiek). 
Each has its special fonction ; as well ask whether braces or tie-roda aT« of 
moat service in a bridge-truss (Regent Peabody). 

36. Synthetical more valuable, 

37. Disciplinary value of former is greater. 

38. We give the analytical the Qrat oonaideration after the stndADt is led np 
to it. 

40. Superior. 

41. I think the former the more valaahle aa an inBtniment of reaeareli, the 
latter aa a means of diacipline. 

4Si> The analytical is more valuable simply as a means of discipllna. 
43- The synthetical is belt«r for younger atndents; the aoalytivikl for 
more matnio. 
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How (loM aiiatyijoiit Malhenatiei eampnrtin dUeipHnary value teith lynthettcalT — CoaM 

45. It ia evidenllf far superior. 

46. Each oSorda excelluut diacipliae. 

47. It is superior, 
e tbiak Uie nnaly ticsl producos tlie beat reaalts. 



48. For collefje grade w 

49. Better. 

50. Better for diBoiplinc 
M. Somewhat auperiot ii 
53. Superior. 



a yet. 



miilyt. 



G3. Analytical training is more boQeQcial. 

54. Favorably. 

65, Tbey are anperior. 

56. Prefer the aualytical. 

67. We nse both methoda, hat give preforenoe to former. 

58. Can ne do withoat either t I slionld any both are oecoMary, bnt 
leal ii leu tatight. 

59. AoalyEing the whole iutoitaeiomea ts is valnable, but buildiDg the irboU 
from elementa is very valoable. 

60. Superior Tor advanced studeatH. 
63. The analytiaal the more valaabl-e. 
CZ. Analytic mathematics is far auperior in ita disciplinary tbIi 

67. The latter ia probably the more valaabie diacipline iu early stages of 
matbematicial education; but after the elemeats of geometr]' are mastered, 
probably the reverse is true. 

68. In general we prefer analytical methods. 

69. Latter preferred. 

70. Doubtful; atndeuta prefer ays thetioal. 

73. In my Judgment the analytical method ia to be piefdrred. 

75. For the average student the synthetical givoa better results. 

76. I think analytical mathematics better for mental discipline. 
79. Its disciplinary value is less than that of the synthetical. 
eO, Theeyatheticalismore vainable. 

81. They interact; bat the latter is an indispeusabte prereqaisite for 
former. 

62. I shonid place analytical as greater in disciplinary value. 

84, Analytical is inferior to synthetic. 

86. Both methods are essential and I am not aware of any difference. Per- 
haps I do not understand the qaeation. 

67. Superior; yet this depends, perhaps, on the mind of the indiridnal 
etodent. 

00. Very favorably, so far as our osporience has gone. 

91. I prefer the former for adranced stndents— the latter for beginners, or 
Btndenta of » low grade. 

9S. Synthetical seems best for the losa advanced stadents. 

93. I do not believe that the two can be separated and compared. I believe 
irlCh Sir William Hamilton, "Analysis and syntbeaia are only the two necessary 
parts of the same method. Each is the relative and correlative of the other," 
Neither withoat the other would he of mnch value. 

94. The synthetical is absolntely necessary as a foundation of good work; 
after the fonndation, the former is doeirablo. 

95. Do yon mean graphical (or geometrical) hy synthetical t I think da> 
Bcrtptive geometry has the finest diaoiplinary value. 

97. As commonly taught, unfavorably ; as tanght here, with special strew oa 
Morphology and by aid of determinants, very favorably, 

98. In favor of the former. 
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Movi iott aMlylieal ntathtHMtte* eompa^ra in diaciplinary valua teilh ii/alhelical t—Coal'i. 
D9. Are in favor of the analj^icat. 

101. Superior. 

102. TUat ilepeads upoB tbe pacalinr nataml Iiont of tke pupil's misd. For 
MiDS, noBlyaii, anil ferotliori, Byothaais U mare vulasblo. 

lO-l. Caa not institute comparison, we one botli ia ciimbiualion. 
lOG. I (Toald answer t1)i( by aayiag, tliat I cousiiier speoiai geometTf better 
for mentnl discipli&e tliaa aualftiool geometr;, ami geometry letter than 

109. Aunlytical superior. 

110. In my judgment tha analytical is so fir 
there ia left little room for comparisoii. Pcrmi 
light, not darkneia, 

111. They are about equal. We use Peck's and DaTles' metliodi. 
11^. Tbe compHrison is <□ fncor of anolytioal laathemBtiM. 

113. The Bualytical method, iu my opiuioa, prodacea bottM nealta Uiaq the 
synthetical. 

114. Snperior. 

115. Each baa its apccial valae; botli are desirable (Profeaaer Peek), An- 
alytical gives the more rigorous (rBiniDg. Each plays its ova part (Tutor 
Flske). 

llti. Syothutical better for training in formal logic; in otiierTeapecttaoalyt- 
ieal isanquestioDftblysoperior, 

117. Synthetical seems to gire bet ter results. 

11@. For older stndeuts the analytical methods are eoperior; for those below 
the Sopliomore alasa, this is doubtfut. 

119. I think tbe analytical is better. 

ISO. Aoatyt.ical mntheoiatios predomiDates here, and theiefore hs« the gieatei 
disciplinary valne. If comparing «qu^ times in the two, I sliovld hJ 
thetical. 

122. SynAetic best foe ditcipUoa; tioaiftio best for ose. 

lis. Former is better. 

125. It is bard for me to answer tbis. Perhaps tbe lattM is Bsperior for 
or average students, while the former ia prefuruble for the more able. 

126. Both necessary for proper discipline. 
128. Well, 

139, Analy^cid mathematics is the better. 

130. Sometimes aoooa to me superior ; sometimas BMioa to mfl inferior, de- 
pending npon tbe mental character of the atndent. 

132. We taach no synthetical uiattiematics in the nnivorsity, except a book 
of elementary meohanics, which is good in its place, but analytical mathe- 
matics alone develops real mathematical power. 

133. I regard the analytic method as moch superior in way of devtloping 
babit and power of investigation. 

134. I use both and would not willingly part with either. Deen them 
about equal value. 

135. Equally valnabie though in diSerent way. 
I'iG. I should bo inclined to give prefurvnce to analytical ; but irhera there ia 

a strong natural mathematical bent, possibly more diocipline is derlTed from 
synthetical mntheutaticB. 
137. Rather nnfavorably with the average student, 

139. Superior. 

140. Better. 

143. Both valoable ; both neceawry. 

144. Analytical ia favorable for advanced stadents; synthetical, for y( 
Mtadenta. 
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itt ^tillyittiil iiiilktaatiai oainpare in diieipUnarji calm wilh tgnlhetkalt — Cont'd. 

145. Tbe v%lua of the diacipline dependB apoa the closeneaa of tlie etadeDt'a 
ftpplioatloQ ralLer than upoa tbe metliods cmplojod. 

IK. Superior Ui it. 

147. I coDsider Ibe aaalytical far superior to tba sfothetic^. 

lis. In my opioioD, tlie analytical la far Buperior to the sfnthfiticAl. 

141). I think the liualytio is belt«r. 

150. Tbe former is uf more disciplinary voluo than the liittar. 

l&l. Tbe aoalytisal mnthemutica in moat coaes most satiafsatorjly fullila tho 
N^ or object of m^tliernqtituLl study. 

l&S. The former, in uy opinloo, ia preleraljle in slipost every roapect. 

l^p- ^A^lytical mathematics is yer; far iuferior to «yi)tlietic ia discipliaarj 

155. AaalytJcaJ mathemalics hue, J tbiak, s^ higher disciplio^fy Talao than 
Byntholical. 

156, The Hjnthetical is more valDaljle, I tbiak, hot !>? do "^aaa should either 
be adopted to tba eicluaion of the othor. 

158. Impossible to mako a cnmparnoii id so short npaca. 

159. 1 regard analytical ffij^Cbeoiat-ica aa [ii>sBciiiiing higher discipiippry value, 
when properly taught. 

ISO. Analytical m»thenjatio9 is snperi or to synthetical iu diecipliaary valae. 
IGl. Favorably, both should be naed. 
1G3. I fayoranalytical mathematics. 

164. Analytie ii| superjgr ia diaciplioary value. 

165. Superior. 

166. Tbey are about equal. 

167. Any tnieniiithudof «tudy weuu tome toase tbem both, vithao frequent 
obangen tbut comparison ia difficult. A^0le07er> tbelt ^'eUtire ya)°o dlffora 
wi^h different pupils.* 

"(■) What mtlhod of heating the calcului da sou faror, Iiif4 of UmiU, tht infiniUtintal, or 
tonuelhtft (ij Duet Ibt infiaitaimal teen rigoraut, and to tatitfn tkt mind of Ikt 
ttadnt I 

I. (d) Limits, {b) Doea not satisfy the itudent. 

3. CalculuB is not taught in this college. 

4. (a) I favor tbe method of rat«e, thouKh I oae tbe method of limits and 
iDenite«imal8~tbe latter lu meohaoics. (&) It does not in my expecEeooe. 

5. We do not teacb it. 

B. (a) That of limits, (b) At Urst it doen not seem rigorous to the stndeat, 
not to satisfy bis mind. 

9. (a) We think, irttb many oUian, the nbjeet needs both, (b) Hot snffi- 
oiBDtly ao, and hence the advantage of calling "limits" to its aid. 

10. (a) Oalculusia not taught bera. Personally I prefer inflnitesimala. (6) I 
. think 10, more tban that of limits, which is better &u tbe mathematician than 

the stndent. 

II. (a) I favor none exclusively. I teaob "rates", "inflniteslsialj", and 
"limits." (A) It does not seem rigorous. 

13. (a) The method of llmite (uovr made familiar in geometry) saema moat 
satia&otory. (ft) Not to beginners. Later thia method ahonld be studied also. 

13. (a) Dcaaiag/'(a) as co-efficientin development: /(i) =/(a) +/■ (o) 

(z— a) + (h) It doe* not seem rJKOroua aa BsnaUy represented, bnt 

oould be made m, but I donbt whether for beginaere. 

16. (a) I favor tbe method known aa that of " rates." (t) I think not. 

•Wai oolUUral rtMut on tlili qaMtlon SM Pre*iduit C. -VI. Bliol'i uUolo. " Whrt li a Liberal 
BdneaUonl" In tbg Csotiu? MagiiloB. Jane, UMj SUfolt of (ha I^BgUib) GommlUlOB hi lUli 
Baport at tha Trensb Camiiiluloiisra [a UTO. 
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(a) What mtaod 0/ irtatiitg the oaloului do you favor, thai of VmKU. the infinitfimai, or 
lome othert (b) Doti the infiniteiimal aeem rijorou*, and lo latUfjf the mind of the 
etudent T— Continued. 

16. <a) A combiDatioD of limits aud inUnilei^iaiiiU. (i) CaiubiDed with the 
method of limits, it does; aloue, no. 

17. (a) taliuitetiiiual ; a little aboat limits. (6) I have never yet had a sta- 
dent to whom I could not mnke it perfectly tatiiifactory. 

18. (o) Limit*, (b) No. 

19. (a) In theory, Backmgham'i "direct method of rates; " praotioaUy, the 
Infinites iraal oa act forth by OIney and others, on account of ita practical ad- 
vantages. (&) The philosophy at tbe base of this muthod seems to involye one 
in a maze of absardities, bot I have had too little experience with pnpila in the 
calcnlas to speak positively npon this point. 

SO. We do not teaah the Qalonlas. 

21. (o) Doctrine of limits, (&) It does not. 

Sa. (a) That of limita. (b) Not in every case. ^m 

23. (a) Limits. ^M 

24. (a) Limita. 

25. (a) Tbe method of Umits. (i) It does not. 

26. (a) Limits. 

27. (a) I explain and illnstrata both limits and inflnitesimal analysis. <tj 
When property explained and illustrated, I think it does. 

26. (a) The ioflnileaimal. (b) It does, i. e., generally. 

30. Method of limits, not tbe Kewtonian of passing to eeTO. 

31. (a) Have been accustomed to take the limits. 

32. We have DO classes in calculoB. 

33. (a) Had experience only with infinitesimals, (i) No ; certainly Olneya 
pnseutatioa can be improved npon. 

34. (a) The infinitesimal, if properly presented, (i) Tea, when tbe stadent 
can appreciate mathematical reasoning. 

35. (a) Teach both methods, do not favor either. (6) Yesj Lagrange's method 
of derived rnnctions is considered the beat in theory {Profeesoi Shaltaok;. 

36. (a) Method of limits, (t) No. 

37. (a) Limits. ^H 

38. (a) Method of limits, (b) No. ^M 

39. (a) LimiU. (ft) No. ■ 

40. (a) I teaoh tbe infinitesimal, prefer it in general, (ft) OcoasionaUr^' 
•Indent will not accept its theories ; I then try him on limita and ihoir bim 
their relation. 

41. (a) The latter, with a sprinkling of the former, (ft) The infinitesimal 
method ia just as rJgorons, when understood, as the method of limita, bnt it is 
my experience that the latter more qnickly removes tbe logical diffionlties in 
the way of the baginHcr. 

42. (a) Tbe method of limits, (ft) It does, provided its relation to the method 
of limits be shown; otherwise not. 

43. («) The infinitesimal, (ft) tjladents have generally preferred it to the 
method of limits. 

4&. (a) The infinitesimal, (ft) It does when it is known that reanlts do not 

46. (a) I ose the method of limita ; the method of infiuiteaimols Is also pre- 
•enled. (ft) One metbod seems to do as well as theotber if properly presented, 

47. (a) Method of rate* (see Taylor, Rice and Johnson, Baokingbam). 
46, (a) Qenerally by limita. (ft) To the firat part, yes; to tbe aecoDd part, 

graerolty not very satisfoetory to those aoing over the anbjeot for the first tim*. 
«. (a) Tba iBanltoilmal. (») Not always. 
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(a) What method of treating the caloulat do yon favor, ik»t of liMJtf, t\t in^(tit«*tmal, or 
»ome other t (6) Dois$ the infinlletintal Item rlgoroiu, and Is lalUfy thi mind of th» 
ttudntr—Cuatiuned. 

^l. (a) Method of limits t nseliotli. (ft) Not Bori(;orou« as tliat of limita. 

52. (a) The isliuitoaitnal. (6) So far aa 1 know il does. 

53. We have no clasaeH in calcnliiH. 

55. (a) Thecalcnlneisnat apart of onr course olstady; peraouall;, 1 pieftr 
the melLod of limits. 

56. (a) The iafinlteaimal. {b) Tea. 

57. (a) This is elective— no Btndents;et, 

58. (a) Have aaed the iolegral. 
SS. (a) iBfioitDsimal. (ft) Yes, wheatheatnileiitiB irell drilled id what shoold 

60. (a) So for, the method of limits, (b) Hare not foaod it bo. generally. 

62. We do not teaob aajthiug higher than Iilgonometiy. 

63. (a)Thatof limito. (&) No. 

64. (a) laCniteaim&l. (ft) Ye«. 
e^. (a)ThBinaniteaimal. <b)Not entirely; but tbeideaaof theealcDloiM 

obtained better throngh this than any other method. 

66. (d) That of limits, (ft) Not altogether so. 

67. (a) The tno methods named uro not essentially distinct; Ingard tbe 
method of inflni teal main, based upon the dootriae of limits, as the best mode of ,^ _ 
treating the snbjeat. (fr) Not qdIuss it is based upon the doctrine of limits. 

68. (a) The method of rates, passing later to the roethod of limit*. 

69. NoealonluB. 

70. (a) Inflnlteeimal. (ft) Not entirely. 

71. (a) The method of rates, combined with the method of limits, (t) It is 
▼ery little used, and only after the others have been taken up. 

72. (a) Limits. (&) Stodenta have seemed satiafled when that method baa 
been nsed. 

73. (a) The indQitesimal. (t) Healthful. 

74. (a) XnGnitesimal method for stadeuta taking brief course. (6) Oenerally, 
yes. 

75. (a) The infinitesimal, (ft) By anCSaient eiplanatloDS. 

76. (a) Limiting ratloe prelimiaary to the mors direct method of infinitesi- 
mals, (ft) Somewhat, bnt often fundamental investigations ate made mon 
Intelligible to the beginner by this method. 

7B. (a) Limits, (ft) It does nhen properly tangbt. 

79. (o) Limits, (ft) No. 

80. (a) The method of limits, (ft) Tes, if the atadent persists ontil ft i^ 4 

81. (a) The first at the ontMt. All should be introduced (see Wm 
Logik). 

82. (a) That of limits, (ft) Hardly, 
ea (a) Limits, (ft) Yes. 
64. (a) Both iimita and infinilesimals. (ft) Not when the two methods a 

presented together. 

85. CalcQlUB is not studied with na. 

86, (o) Limits, decidedly . (ft) Not nnlil tbfiHtndeuthaamasteredthemethod 
of limits. 

07. (a) Inflniteaimal. (b) Onr atndents aoem to understand this best. 
ee. (a) That of Iimita. 
89. (a) Limits, (b) No. 

do. (o) The inSnitesimal on acconnt of its simpliolty, bnt the new method 
bj Osnaral C. P. BDoUiigtiaiu is ezcftllent. (t) Not always. 
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(a) What method nf tr^tUng ilie cakuZuj do you fator, that iff limit', '''' inftiittHmal, wr 
«om« Dlh^l (bj Doet tJt« iii^ollMimal «ec»i rifforout, ana to «attt^|i (A« m.\ni of Vie 
itudwl t — Coutinnetl. 

ei. (a}TlumMbodoflim>(4- (b) It ilocd not, 

92. (a) Iiifin)t«fltiual. (l) \t doee. 

93. (a) The flniionary nietboil. (t) Kot entirclyj it is tsaglit from tert- 
booll — flil(ion»i7 bf lectures. 

94. (nj lDfimt«eimal. (ft) Yes. 

95. (d) JnfiDitesimal. (2>)Itdoaa. 

97. (a) The German nmthod of liuiJtoi notr the poB^fsr Engtisb toil Freoch. 

98. (a) The rigorons motbod of Jimito. (A) So; tliere u OH eridaat low of 
QuM) at this point for stutlefiM on ^at r^adiqg. 

99. (a) We USB both, (b) Yea. 

190. (a) LioiiU. (b) Po Qot teach it. 

10-2. (a) Liiuita. {b) No; I fiod/eiopiyiilt satiaSed with it. ^H 

103. (a) Do not teach culculus; favor liui its. ^^| 

]A4. (a) We u*a both ; aometiiaea we prefer ons tp t)i£ ath»f^ ^^| 

106. (u) Thd iQnQlI««iiiial lbr;>raclicul use, but that of I'afet as a logioftl buia. 
(b) Not aa Batiafactor; aa tbo theory of rales as g|yeu by BD':kiaghatii. 
lUT. (a) Llmita for geoeial proof apd iqUaitcsimaU for doing ex^iijplCB. (i) 

lOS. (a) Limits. 

109. (a) LioiUe. 

110. (a) The method of limitaia the only loeicAl, ornitional,«»y of treating 
It; thoagh the iohnitesimBl has a.n odv^RtAgH in fppIicstioD. (b) No; bow 
f qnantitycaa have another qoaotity taken from it aaduDtdaoreasa the quan- 
tity so diminished, is the ukeleton that will uut docvn. 

113. (a) The infinitesiuial. jbj Ves; both rigorpoe ands^Cief^ctory. 

113. (a) The method of limita. <l) It <luea not. 

114. (a) Limits. (6) Not perfectly. 

115. (a) The method of induitesimiile, if properly taught, (fr) Perfectly bo, 
when properly tBaght(PrafoaBor Pack), (a) Limils. (b) Only when e^plunsd 
in oonnectloD with that of Umito (Tntor Fiske). ^H 

116. (a) Limit!, (b) Not nnlesB ^aao4 on tbe theory of limits. ^^H 

117. (a) Limits, lb; I do not lind it to. ^H 

118. (a) WenseiDfinitcsimaJs. (b) Yes; iugoneral. ^H 

119. (a) I favor the method oSfiuxioni, bat u«e the iofiuitasiqial, mainly b^ 
oatiBQ I could not get a auitahle test-book in Huxionai method until recently. 
lb) Yes ; better tlian t^e method of limits ; 1 have no troiib)a aner a little ex- 
plan ation. 

1110. (a) The method of Tatfis(the Newtonian), usifig also the priooiplea of 
limits Id conneotion therewith, (b) No, decidedly no; if not established by 
the principles of limitB. 

121, (a) The inSniteaimal for pr&ctical nee ; Umit«aaBmeani tp an end. (b) 
Teei aufBciently v>tot all practical purposes. 

122, (a) Inflni[«BimalB for ose ; for demoDstratiou, limits. V>) Yes. 

123, (<i) Inflnitwimal. (b) Yea. 

134. <a) We tench both methods BlmuUaooonsty. Having undoratood thor- 
ODghly the rigor of the method of limita, the student has no tronblo tu baod- 
Ung inSnitcisimalB, prootioally, iu inechanical probleniH. (b) Yoo, after be has 
onoe thorongbly nndentood Taylor's theorem, not aa a formula for development 
In terlee merely, bat as the means of detoimintug tbe valae of afanetionatono 
point from ita valoe at another. 

125. (a) Tbe fint, bot the infinitesimal 8lioal4 t.\ao bo given cure'al itat^ 
AMitt. (i) Yea, if properly presented. 
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(a) What method of Irealinff Ite calculai da j/au favor, t\at of UvaU, the (n/inifMuaal, or 
tamtotherf (,b) Dott titt iajinitumal tetn rigoroui, and to tatiifg tlu mind qf ibt 
•iHdenlf—Continaed. 

196. (a) iDGnitesima;. (A) Yes. 

137. (a) Tbe couccption of calcuIuH aa the " Hcicaae of x^tot. (b) To some 
miDda it ia not eatiBfootory. 
1'28. (a) Limits, supplemeated Uy Uie coocaptioa of cft^s. (it) A' luuitlly 

129. <a) Tbe infinitesimal, (i) Yes. 

130. (a) AboaCaa given ID the calculas of J. M. Taylor, (i) EfotJB the ear- 
lier part of bia courae, but later. Ves. 

131. (a) Limits. <£} The iludiHtiJindil caner,aiidiaoilcolUgsil94^l>areBot 
rerj( eriticnl. 

133. (d) We nsa Todbantei'e trefttieu, wlioomploja limita in tbe differentinl 
oalnnlns, nod ioQuitesimala iu the tntcgrel calculus, ;m)i1 we find it to work 
well, (b) Not at first, but later, whua caloalus is ased ia analytical ipecbamca 
•Bd matbematicBl pbysice, it cairies convtotiOQ and satiafactioa. 

133. (a) Tbe inQnitesimal. {b) It may seem rij^oroua at first, but I think 
ultimately be is better satisfied cf its advantages as mentAl dtiU. 

134. (a) Onr coura* dooa not include calouliia. 

135. (a) lofiaitesimal io tbe main, tbongh witb many ref^eni^e to the theory 
of limits, (ft) As lo taught, it doea. 

13S. (a) I prefer the iofiuiteeimaJ method, hat 1 do not hesitate to iise each 
aseiatance as cau be derived from tbe method of limite. (A) II appears to me 
that it ia only familiarily with the proofs that makes either method seem rig- 
orona ; but tbe diEScnldea aeem no greater iu regard to one than the other. 

137. (a) Tbe infiniteHimal for begimierSitimitaforthe advaDced. (ft) I think 
it doea if properly pregontcd. 

138. (a) Intlnlteaiioala at first, afterward the method of limits may heiDtio- 
dnced. (ft) With 99-100, yes. 

139. (a) Limits ia moat mathematical, inGnitealmala most e«si1y coi 
bended. (6) It is satisfactory to ordinary atudonts. 

140. (a) Limits for the theory, infiaitesimaU for the practice, (ft) Ko. 
m. (fl) Limits. 

142. (a) Infinitesimal. 

143. (a) I hardly know. Each hfuitaadTantageaaDddisadvantaflee. I noir 
tue tbe method of rates as given in Bice and Johnson's treatises, (b) It does 
not, as nsaally presented. 

144. (a) Limits for theory, inclusive of rates and of infinitesimala. (ft) It 
eometimea aeema to satiaify the Btnde>Dts, bat never the professor. 

146. (d) The infinitesimal, but incouneotion irlth tbe other methoda. (ft) It 
does, if any method doea. 

116. We do not teach calcllliiB. 

147. {a) The inGaitesimal at first; I use both to some extent, (ft) Not al- 
together. 

148. (a) That of fiusions, with demonstrations by Ucaita. (ft) Mo; its equa- 
tions (with one ezceptioD) have never beeo proved trne, and may easily be 
■hown false. Its reaults, however, are absulotely true, as experieace proveSi 
and as may be shown by theory. 

149. (a) That of timitji. 

150. (a) InflnitesimBl. (ft) !t does, 
lai. (a) Limits, (ft) It does not. 

153. (a) The method of Umita. (ft) I don't use the method in teaching. 
153. (a) InQuiCesimaU founded upon limits, (ft) The infiuilesiiilftl nwtliod b 

never rigoioas nnle&s fonnded npon Limits. 
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(a) What vMthod of treating the ealoulu$ do you favor, thai ofUmit$, ih$ {ii/liii(M{iiuiIy or 
iome other? (h) Does th^ infiniteiimal seem rigorous, and to satisfy the mind of the 
student t — Continued. 

154. (a) Limits, (h) It is the practical method, bnt is not satisfactory, at 
first, to the student. 

155. (a) I am decidedly in favor of the method of limits, (b) It does not seem 
rigorous, and does not satisfy the mind of the student. 

156. (a) The infinitesimal. (6) Perhaps not at first. 

157. (a) That of limits. 

158. (a) Limits, (h) Yes ; can be presented in a perfectly satis&otory man- 
ner. 

159. (a) The theory of limits, as presented by Todhunter. (h) My experi- 
ence with classes has been to the contrary. It does not. 

160. (a) Limits, (b) It has not done so with my classes. 

161. (a) By limits. (&) It does not. 

163. (a) By limits, (h) So, 

164. (a) The method of rates and fluxions, as developed by Bice and John- 
son, (h) No. 

165. (a) No specialty. 

166. (a) Limits, (h) Tes. 

167. (a) The method of rates, combined with that of limits, (b) I have not 
been able to make it as real to my students as I desire. 

168. (a) The infinitesimal with some use of that of limits, (h) Yes; except 
with a few students. 

(a) Do soientifie or classical students show greater aptitude for mathematiest {h) Which 

sexf 

1. (a) No special difference is noticed. 

2. Classical. 

3. Scientific. 

5. Classical. 

6. (&) Male. 

8. (a) No difference ; our Civil Engineering students have shown most apti- 
tude. (&) Male sex. 

9. (a) I think it depends on talent. 

10. (6) Male, generally. 

11. (b) Qirls for rote work, boys for original work. 

12. (a) Classical, (b) Male. 

15. (a) I observe little or no difference. 

16. (a) Classical. (6) Male. 

17. {b) Male. 

20. (a) Scientific, (b) Male. 

21. (a) Classical, (b) With us, females. 

23. (a) Scientific. 

24. (a) Scientific, (b) Equal. 

25. (a) Scientific, (b) Male. 

26. (a) Scientific, (b) Boys. 

27. (a) Scientific, as a rule. 

28. (a) Scientific. (6) Male. 

29. (b) I note no material difference in our work. 

30. (a) I am inclined to think scientific, (b) Male, but sometimes female. 

31. (a) Have not been able to note great difference, (b) In my frliMiTs the 
yoang ladies have, as a rule, excelled. 

88. (•) Soientifio. (() Th» male. 
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Do seimUAo or cUitiaal iludenit ihow gnttter aptitade for matkenatic* t (b) WUek 
iext — CoDtiuaed. 
33. {a) The greatpr the drill, the greater the aptitude for anythiiig. Thent- 
fore elauical. (b) The foimg men for peraiatent, tho j'oting lodie* for loi 
taoeoiia grup. 

35. <a) ScicntiSc. (b) Male. 

36. (n) Good Btndeata in either coone. (A) Males as a rale. 
ST. (a) ClMJilcal. (b) Males. 

3-S. (a) I woald Buy ctoMical. (b) Tliere are more males than females, 
40. (a) DifGcult to answer. (() Th« ladies are nut inferior. 

42. (a) Goiieraliy the BciontifiQ. (6) I mo no difference. 

43. (a) No diffemrice not«d. (h) Mates average higher, bat a female < 
itands first. 

44. (b) A greaterniiBiherof maloi aoccoed, but a few females «xoel, 

45. (a) Cannot see aoy difference. 

46. (a) Classical atodenta not required to etnd? anaty tioal maLhematics. 
comparison is possible, as we have no preparatory school, (h) Toang 
form the larger part of oar higher classes. As far as comparison is possible, the 
two sexes ahow aboat eqaal aptitude for the study. 

47 (a) Onrliest b»vo been olaasioal liero, but the reverse has been my experti' 
BUM eloewbere. (b) Girls in tbe test-booli; boys outside. 

49. (a) No difference, (b) Mate. 

St. (a) Tliere is uodiffereace, (b) Someof oar best students inmatbemal 
have been young ladies. 

62. (o) No difference, (6) Interest aboat equal. 

63. (a) Tbesoieotiea. (b) Male. 
M. (a) Generally scientiGc. (6) About equally. 

[>5. (a) The former. (6) No perceptible difference as to aex. 

68. (a) Classical. (J) Gentlemen. 
67. (o) Generally the former. 

69. (b) Eqnal in applied, but more males iu jJurt. 

60. (a) ScientiGc. 

61. (a) Classical. 

63. (b) Hale. 

64. (a) BcientiSo. 

65. (a) BcieutiAc, (b) Male 

66. (a) Classioal students. 

73. (a) Soientiffc (b) No differBnee, 

76. (o) Goo<l students in oLber departments are eqnal In mathematios as a 
role, (b) Ilis ratburdifBonlt to answer directly. Tbe ladles average folly as 
blgli as the gentlemen. 

76. (n) Scientific, (b) Male. 

77. («) Classical, (b) Male. 

79. (a) Classical, thus far. 

80. (a) Classical. 

82, (a) Scientific, nsually, (b) I fiud little difference. 

63. (o) Classical. 

64. (b) Tbe male sex. 

85. (a) Tbe classical, as a rule ; our very best mathematical stndents bava 
bMQ BCientifto. 

66. (a) No difference. 

67. (a) No olaasical. (b) Young mea. 

68. (a) epical. 

M. (a) Sd^ntlGc. (b) Males. 

n. (a) Scientifio. (b) Male for analysis, female for book work. 
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96. (a) 



dSi. (tf) fif6!et]f{iflc oi- pliilMot>M6sl. (ft) i^6iir1y allied ^ tlie Mii-lf66k work, 
f ii6 gfttcitemeii Mik itbU sabclMirfal ifr orij/iMl invefAigtMfhii Ji i^ idot the 
reason for this be found in the fact that it has been assatoei} Wr M hidefinite 
period that woman is not capable of doing; itteh '^ork/ kt6. #6 ihS htd not been 
required to db' it, iUxiH itfading ta k Ai^AiBiii of ihU piiri ot Vef mtA f 

93. (a) Seem not to divide on this line, (it) 666 nd MfvthneB. ^ew girls 
6ie6l; 6aI6tiiiUf. 

94. (a) No ilppf^!8ble differeiietf; (i) Th6 ftmaietf 4b ekfiMhr wonrk dn lessons 
and tasks assi^^'d. 

§b. (a) S6itotifie. 

97. (a) Classical, and students of the exact (not merely sokittilfie} flfilenoes. 
(h) Hlfib. 

Scientific, (h) Male. 
Scientific'. 
166. (») Maitf. 

i6i. (6) Sd«tiiMc. (^7 ICMel; 

102 (a) The scientific. (6) Mal^^ iii qtianifilj)^, fttttftles «i ^Hif. 
ioi. (d) ^0 difference, high clMmei genera!!/ daifify iii|h miHii^liMita. 

105. (a) No diffiehrtfnc^. (d) Utad id fiijT. Boytt i liiile IM^tMit ieiMriMtts. 

106. (a) Classical, (ft) On the whole, ybutig m^iA. 
itf^. (j^) dau't tojr. (&) Mil6«. 

113. (a) Scientific. 

114. (a) Classical stddests ffetLtietiily flSxow a gftfiief iipiltitd^, 1>ill«oientifio 
students, after having a practical end ixi irie#i mdr6 freqtf^iitly lMo&r6 aecom- 
plished mathematician^. 

115. (a) lS6!eniific (l^fdrfbMOr Pibbk). (a) kiled. (Ii) IHtie (tutor Fisfcs). 

116. (a) Classical generally. 

117. (a) Scientific. (6) Male. 

118. (a) We see little dl£t6redcr6. 

119. (a) Classical, (h) About equal. 

121. (a) Scientific. 

122. (a) Scientific. * • 

123. (a) Rather the classical, (b) Toung men. 

124. (a) Scientific. The mathematics in tV6 classical tbHrm 6«d0 Iflth trig. 
onometry. (h) Only a few girls take matbemail6if. Cah't anir#ef aatisfao- 
torily. Some girls do excellent work. I dtrnbt whether mft hM nioeh to do 
^iiJi niltiiral matliemaiical ability. 

126. (d) OihbT conditions b^ing ^qnal, hb ditfer6nce. (d) No AiffeNtelie, fol- 
lowing similar preliminary training. 

127. (a) Difficult to decide. (6) Not much difference. 

128. (a) Our experience not a fair test — stddtot^ hav^' been ko larjj^ly das* 
sical. (h) Male, on the whole. 

129. (a) Classical. 

130. (a) Scientiftc. 

131. (a) About the same, (h) Male. 

132. (a) No differeDce in aptitude, but classical studelit^ fine! ji6 tiih^ for ex- 
feuded coutflM. (h) Comparatively few feitiialeft e±cel, thddjth soifte areas 
good as any of the males. 

133. (a) Very little difference, (h) Males. 

135. (a) Scientific students, (h) Male. 

136. (a) Classical students. (6) No experience. 

137. (a) Scientific or technical. 4^ 

138. (a) Bo fai as w6* can test it, cla^ioKL 
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Do iele»tifle or eiauleal itudetili iheiB greattr apHMSt for ma'Jt AitaffM t (fi) 
i(xt — Continaeil. 
isS. (a) So difference in aptitnde. <5) Ko difference ib ««. 
140, (a) Claxsiual are more frequently the best. 
142. (a) CUmicat. (b) Tbe mala b; a large pWeenMge. 

144. (a) ClBssicul. 

145. U) Sdentifa. 

146. (a) I tioticB DO diff^etce. 

147. (u) The clsMicaJ are snperior. {b) No dlffere^ee, 
14a. (a) The iciatitiBc, bnt, for the teaaan (I fltinli) thii those who dislike it 

elect a literary coorM. 

149. (a) Classical, I think, (b) Mule and fumale equalt; is mf observation 
here. 

150. (a) ClaMioat. (t) MalSR. 

151. (a) Classical, (b) HAIe aex. 

153. (ajSoieutifie. (i) Male, 

154. (a) We have no clasatoal Btadtnitfl. 
1^. (a) ScieutiGc. 

156. (a) Eciehtifio. 

157. (a) Soientifio. 

159. (a) ScieutiEo. 

160. (a) Scientific. 

161. (a) The claeaical. (i) HaJfl. 

162. (a) I think classioal. (6) Mal0. 
im. (a) Scientific, (ft) Hate. 

166. (a) Clasalaal. (!•) I donot see aoy aifftffmte^. 
16?. (a) Generally the BcientiSe. {b) MAle^ as a rale, at leub in high« 

hranchea than elenientary trigonometrj'. 
lee. (a) TheclasKJoal. 
) I» ahal olhrr tubjtcti art good math^matieal tludentt rnott iueettifutt (b) Jnwhat 
leatt taiiaag/ttlt 

I. {a) Good atadenttT in mathematioa generally stand well in all other studies. 

4, (a) As s rnle none but the bett^^r studenta pursue mathematics more than 
two years. Gooil mathematical stiidants are anoceAsfnl in thesclentifle bianohei 
taught here, (b) In Engliah. 

5. (a) Geography, logic, history, chemistry, and natural philosophy, {b) 
Gramcuar, thetorio, 

e. (a) In loglo and In the physical Boienoea. (b) Ancient languages and Eng- 
Uah literature. 

9. (a) In philosophy, chemistry, Oinalytical mechanics, geodesy, etc. (b) 1 
have not observed. 

10, (a) I can not say. (ft) Do not know ; hard to determine. 

II. (b) Am not certain ; shonldaay pbyaicsand ancient languages. (A) Can't 
•ay. 

13. (a) IdoDotknow certainly, bnt I hare nOYer noticed an; inverse relation 
between liugnistiu aud mathematical endow men ta. Chemistry and mathemat- 
IM *n lees friendly. 

15. (a) ficieDtiflasabjeots^ especially physics, But I observe that good mathe- 
maticians usually do weU in almost any subject which interests them, (ft) Sub- 
jects which involve much "committiug to mnmory," 

16. (a) A good Btndont is sacnessfiil everywhere, 1 have found that my beet 
ModentslnniatheraitticB were, as a roU'." best students" in other departments, 

17. (a) In any snbject in which canliniied rcaaoning is necessary. <ft) 1 am 
VMbto to specify. 
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(«} laiehat oihtr tabjeata aregoadwathtmalieal ilwUaU moit raooew/iiff (b) jNWhol 
least tuooeasful t — Continued. 
19. (a) In nataral p!iila90ph7, iu in etapby tUM, luid geuerallf in Greek, ffi) 
LiCeraLiice. 

19. (a) Thc7 do equally well in Latin, as a mle. (b) Eaglisb. 

20. (a) HeohaulCB. 

21. (a) A student good in matheniAtiaE is apt to bo saooessfal in all branoll 

52. (a) Mf eiperienoe goea to sbow thftt a atndent who is good in mBthenut- 
icR is capable of oomiog off vith good standard in almost any other study. I 
bave knotni a few appannt exoeptiaaa. (i) In langoages. 

24. (a)&cienoes. (b) Classical slndies. 

25. (a) PtayBin. 

26. (a) Pbysios, logic, ohemiBtry. ^b) Rbetoric. 

27. (d) In engiceeciDg, physics, astronomy. Hatbematiool tralniog seems to 
make lawyers more snooessful la tbe cleoi statement of tbelr oases. (&) Liter- 
ary puraoita. 

2S. (a) In mental, moral, and natural pUlosophy. (h) In beUes-lettrea. 

30. (a) In Bltnost every other. (6) Perhaps, literature. 

3S. We can hardly give an intelligent answer to this qnestion with onr grade 
of work. 

33. (a) Mathematics, aa we are compelled to teacb it, is largely mechaoical; 
therefore, in subjects not requiring great originality, {b) Answered. 

35. (a) In engineering, (ft) In langaagea. 
37. (a) Varies with the student. 

36. As a rule, one uathematioal stndBnta are esoellent in all their etadies. 
Languages are not nnfieqaently hard for good matbeinatical Hlndeols. 

39. (a) Greek, Latin — often— mainly — various forms of graphics. (6) Sues- 
tifio roaearcb, t. c, natnral acienees. 

40. (a) The various braucbes of natural soience, metaphysical studies. 

41. (a) Usoally in all other subjects of our course, (b) OocasiouaUy inlMi- 
guages. 

43. (a) We otlen have One work upon topics related to general geometrji'. 

44. (a) Chemistry, physics, laognagea. (b) History, literatnre. 

45. (a) Generally in whatever is nndertakeD, I believe success in any branch 
is in proportion to application. 

46. (a) Whatever they undertake. I_b) Whatever they give the least att«n- 

47. (a) Logical, (b) Lingnistio. 

48. (a) As a rale in all sobjeots requiting judgment, reason, discrimination. 
{b) In subjects requiring the memory as the chief ele6ient of the mind. 

49. (a) Sciences, (b) Langaagea. 
GO. (a) Laugnagcs. (A) Uistory. 
51. (a) All others, that is, according to circnmstanees. 

53. (a) Onr good matbemattcal students are good in languages and soi 
53. (o) Chemistry and physics. (8) Have not noticed. 
64. {aj Some in one subject antlaorno in onotbor, according to native aptitude 

and application. 

55. (a) In chemistry, physics, and logic. Good mathematical stadenta ti 
show weakness in any study, (b) Literature (and modern languages I), 

&G. (a) Natural science, (b) Language. 

57. (a) Natur;it science. 

S9. (a) The m^arify of good mathematical students are good in evsrythlnj 
else, but sometimes a mathematical mind fails in letters, and viat reria 
appreciate only demonetraUve reasuiiiug, and aome mirral. 

00. (d) Pbyaics, astronomy, and natural acieuce. (b) LauguagM, 
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(a) Jn ahal otAer iitbjecU are goad ntathemalie^il ttsienU mail tueousfult (i) In mhat 
leait (uooeu/ut f — Continued. 
63. i«) I fioil good mathematical students saoceaaral, generally, in all other 

BobjeCtB. 

66. (a) lo most Bubjccts. 

68. (a) Our best atudeats are about equally encceaarul iu all matbenutical 
biaooliea. 
BO. (o) Natural sciouee. (6) Can't say. 
70. <o) LaUKUagM, (6) History and IJtoratnre. 

73. (a) PbysicB and astrorjotny. (&) My best mathonuiticiaiia are best in 
other Haas. 

74. (a) Since I have observed been (four years), the best mathematical 
students are nsually alao among the beat in all studios ; otherwise in uatural 
ocieucce, English aiid Greek, history &nd political BoieDce. (A) Languagea. 

75. (a) The good maliiematioiiins are thoae whoso general standiDg is high, 
but of oonrse there are exceptions to this; I should aay that they are more likely 
to excel in the sciences, logic, and metaphysics. 

76. (a) Chemistry, logic, mealul eoieiic& {b) Lungiiage, history, rhetoric, 
oratory. 

79. (a) Langnages. I should say, in general. 

80. (a) Latin and science, (b) HisTory and literatnTc. 
62. (a) As a rule, I think, to all subjects, although occasionally I find one 

who la weak in language and literary studisa. 

B4. (a) Physics and mechanics, (tj The languages. 

66. (a) No special diflersDce so far as I know. 

B7. (d) Chomistry, physics, and applied mechanics, (ft) LaDgaages, 

68. (b) Ourrecorda ahow that good mathematical students vo sacceaif al in 
all other subjects. 

89. (a) la all other subjects taught in the school. 

00. (a) In historiual studies, natural philosophy, and mathematical astroo- 
oroy. (6) Literary, but not always. 

91. (a) In the lateral sciences, e. g., physics, chemistry ; also in logic, (i) 
Languages and hiatory. 

93. (a) Aa a rule, I think, \a the sciences, and especially in original iavestiga- 
tioDS in science, (h) So Tar aa my observation goes, ia languages, as a rule, 

93. (o) With rare ciccptions they aru good in all the subjects. The converse 
Is not so general, i. *., studeota ofteo aicel ifi one or two departments without 
eaoelling in mathematics. 

M. (a) They average weU all around, (6) No nniformily. 

W. (o) Draagbting.physics, chemistry, logic. 

9G. (u) As a role, those good in mathematics are good in all others, but w. 
pecially iu natnral seieuces, paychology, aud logic. 

97. (o) In all the more introspective, and sneh as require prolonged and stren- 
noos thought, not mainly observation [ii'^o slonc—ot bug— lore). (6) In tbeM 
latter so-called experimental sciences. 

08. (a) Applied arts, engineering, physios, ete. (() Langnages, metallurgy, 
analytical chemistry. 

99. C) Philosophy. (1) Composition. 

101. (a) Phltosophical. (6) Linguistic. 

103. (a) In natural sciences, history, geography, logio. {b) Langaagea, 

104. (d) Ail scientiQo potanitA, drawiog.arta, generally, 

106, (o) In such OS require coocentratioo of mind, and close reasoning. (() 
If in any, to such as depend upon observation and experimeot. 

107. (o) Generally ia all others, if they ore interested. 
109. (a) Natural philosophy, chemistry, Qrcek, Latin. They cac %t.^'bTvV£^ 

A> well, wheceyer tb«j try. (i) Engliab, poUlicaV Bc^eiicb. 
S'JT— "V". ■'J 21 
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B good in matliu- 



a m«t»- 



(a) In what other luijecli are goad natlietnatical itudnti a 
Itait iuMM»/uIf— CoDtinaed. 

110. (a) Mf obsorrfttion Lm been that where studeola 
tnatica, thoy were good in all theic otber BtndlcB. 

111. (a) Logic and Bnalftical Htudiea, 

112. (a) They generally stand high in all sabjecta. 

113. (a) Ana role they arasuec«BBful in all other 8tudie«; more m 
phyaicB, theology, (b) The higher at ndy of literatore. 

114. (d) Very di£Qcalt to generalize. Many eicelleot mathemuticians are 
"all-aronnd" man, Othen excel in EcieQce, and Are leaat aaoaeasfal in lan- 
guages and specalative Hnbjeots. 

115. (a) A good atndent in mathematics i« goQcrolly a good atadeut in all 
other branchea (PiofesBOr Peek). 

116. (a) GeneraUy In logie and paycbology. 

117. (a) Mechnnios, physiOH, oheiaiatry, logic. (&) Classlos. 

118. (a) They are generaUy good in all subjects, (t) SnbJecU requiring 
memory only. 

' 130. (a) ChemiBtry (ioclading beat, physiology, electricity, and mftgnetiem), 
iiUDeralogyandgeology,eDgiueeiin£,ordiiaQceaudgDnnery,atidlBW. (b) Draw- 
ing, Spanish, and Frenob, relatively. Good matbematical stadente are gener- 
ally good in all other branches (Prafessor Bass, professor of matbematicB). 

Charles W. Lamed, the professor of drawing at West Puiot, aoEvreis aa fal- 
lows: I difTec somewhat from the inferences to be drawn from the ODiwer to 
thia qnestion by the professor uf malbematics. 

lo so far as any iuiluence li to be implied by mathematical proficiency upon 
other studies, an examination of the standing of the last dve graduating olaMes 
tends to show very positively that law belongs to the oatcgory of thoae «tndiH 
in which there exists the greatest disorcpanoy, and this, notwithstanding that 
law is studied two years after mathematics is completed and whoa habita of 
Btody and ability to master a wider range of aubjecta is more highly developed 
by the study of intermediate synthotio studies. 

There is a mnch greater range of discrepancies also between the groap af 
Btadies comprised under the head of chemistry (whloh iucladea eleotrios, min- 
eralogy and geology, and heat) aud mathomatios than would naturally bo in- 
ferred from the grouping made. Even in nataral philosophy tbe aggregito 
diaorepanciea were gre.iter than I had sapposed probable. 

The staudinga of the graduating classes of IS88, 1887, 1886, 1605, nnd ISBi in 
law, chemistry, drawing, English, and French were reduced to the same stand- 
ard, and the difforencea between these and mathematics in each eaao were oI>- 
tained, and the aggregate in each subject for these olaasea is as follows: 

DJJorepanriM at eompartd with mallitmattei. 
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In regard to drawing it is proper to observe tbat a marked dlatinetion ezUti 
between technical graphics and free-hand drawing. The standing given inolodea 
Ute-baod drawing, occupyiug one-fooitli of the ooorse. In ttUa the posaeaaion 
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Wflii I* vhal othtr lUbJecU are gaoi mafhematical atuientt rnott tuixeti/ul f (b) In what 
leait luecMs/uJf— CoKtinned. 
of natarat grapUical talent exorciaes a mucli greater ioflaenoe in ptodaolDg 
discnpadoisB ia slanding. In technical grapliiOB, hnwever, tlironing oat a 
fe tr men, perhaps one-half doEea in eacb class, with pronoun cod natnral ability, 
Btanding in plane and dcHOriptive geometr; liM a ilecidedly bcneQcial inflnence 
on standing in drawing. Inotherreapeota, i nielli gen oe, whether mathematical 
or liberal, will tell in the work. LeaTing ont four or live exceptional meu in 
each class the diacrepauciea in dratriog, evea with free-hand included, fall 
below those of French, Englitib, and law. 
121, (a) Pliysioa and aBtronomy. (6) Latin, French, etc. 

125. {a) First-rate mathematical students gcnerallf do well In all otber 
■Indies. 

123. (a) Id. mathematics of physics, (b) Possibly the biological aciencea sod 
laognagea, 

124. (a) My eipeiience is that a man who is good in mathemittics has mental 
ability ealfioient to make any subject of an ordinary college oonrse oompara- 
Uvelf easy. Good Iniaatbematica — good everywhere. 

135. (d) Applied acienceB, of courae — astronomy, pbysica, logio, and metft- 
physics, {h) Languages and literature, sometimes. Still hardly think that is 
trae, as a rule. 

126. (a) Advanced work in pliyaics and engineering. (I) Oar best etttdents 
in matLomatios are best everywhere. 

129. (a) Good luathematloal students are good in all their work. (&) Rarely 
nnHQCcessfnl in any line of study. 

130. (a) Physics, astronomy, logic. 

131. (d) ClMsioB, sciences, but there ore many exceptions. (1>) Englidi, 
probably, 

133. (a) Think that, on the whole, cat beat mathumatioal stodenta are bea^ w 
generally, ia other stndies. |l 

134. (a) Sciences. V 

136. (a) Oreek is often combined with mathematics. ^ 
137- (a) They are generally good all around. (6) In languages, bat only in 

exceptional coses. 
136. (a) In all other subjects, (b) None. 

140. (a) Physios and aslrouomy. The good ones are also usually good la.— 
olaasics and everything. ^1 

141. (a) Generally also in the claaeical stndioa. H 

142. (□) Physics, chemistry, logic. (&} Moral and mental philosophy. ^ 

143. (a) All subjects requiring accurate thought. In oor college this is es- 
pecially noliceable iu mental and maroL philoaopby. (t) Thoae requiriug 
mere memory. 

144. (a] llsnaily in all othere. 

145. (a) Some in one, some in another. No general rule, (i) No general 

146. (a) In this they diffdr, thoagh tliey are possibly better in scientifio 
■tadies. (A) Languazes. 

14S. (a) I have not observed that a eucceasful stadent in mathematics ia 
to Huoceed in one subject than he ia in another, except where thesub- 
jeot rests on niatliematics. 

150. (o) Generally in everything else. 

151. (6) Belles-lettres. 

152. (a) Naturally in aubjeots d' 
ftud generally in whateve 

1G3. (a) In logio, physics, engineuiing, u 



ytning clae. ■ 

eots depending npon a knowlsdge of mathemati^^^H 
lae they may study. i^^^l 

engineuiing, medicmo. <.,h^ 'La.^i^a&'^e^. ^^^| 
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i(a} In U'Aal other nibjtoU are good mathemati<:al liudenli nuttt attcceti/alT In vMt leoit 
*»oe««/ulf — Continuoil. 
IS4. (o) In all braachea that reiniire accotate olisorvation and oloBe roaaon- 
iag, {b) In languages. 
laS. (a) Iq branchoB of nQtnralioionce. (b) Iq tlie laagaages, I tbink. 

156. {a) In logic anil, aa a rule, tli« nstnral acienods. 

157. (a) Thoy aie a^it to bo moroBuacMsful iuallsubJeDtaannDect«tI with the 
Bclencas than in the stnily of langnages. 

158. (a) A8arDte,a1tBCiideot8standiDKver7woIl inmathemaUasnitlAohieve 
BDOCBBs in any otiicr subject. I have seen bnt fiiw eioeptions. 

159. (a) In moral and menial philosophy, logia and oivll law. (h) Synthetio 
langaagefi. 

ICO, (a) In the mathematical Bcien COB, A good mathematical student Ugood 
at everything ho nndattakea. 

161. (a) Pbysicaaad ohemistry. (b) LangaageB and history. 

1G3. (a] Oftener olassioB. 

1G3. (a) Engineering and phy HicH. (A) Langnages. 

164. (n) In any subjects requiring ceilectioi). (b) Those i«iiiii ring petcoptlon 
and memory only. 

166. {a) Logic, chemistry, philosophy, polltioal economy, and astianoiiiy. 
(t) Lao ga age. 

167. (a) I believe that a really flnt-class mathomatioal stadent is generally 
successful in nearly all subjecta, bnt thoao a grade lower aro moat likely to 
excel inthephyaicalsoiencestbau in. other lines, (i) Perhaps iu bellea-lettres. 

16tJ. (ct) I don't think I can tell, for there Is such diversity; yet I think that 
those who are good in mathematioa are good all-aronnd stadenta, oa a mla. 
WltatU the rdalive prominence of malAcnialioa in your oource oftttidy ai ihown iyhturt 
per Keek and per j/ear t 

1. In classical and scientiBo conraca the snme number of hours ia given to 
mathematiCB aa to any other study. In the engineering coarse aboat twenty- 
five per cent. more. 

2. About one-fourth part of the clsaB-tinie is devoted to the Btndy of mathe- 
maticH. 

H. No study has more ottontion, and some hare less. 

4. Five boors per week out of sixteen hours for recitation and lectures ar« 
devoted to mathematics for three joars; the laet year three hours per w( 
during the year. 

6. Mure prominence given to matliematics than to any other study. 

6, Large. 

7. Occnpies more time than any other Bnbjeet. 
6. In classical conrse one-fourth of student's time is devoted to mathe- 
matics ; relatively more In soiontifio and civil engineering conrse. 

9. The principle studies in our college leoeive minal attention ; matbeiuotios 
one hour aud a qnarter daily. 

10. More stress on mathematics b* a whole than npon any other subject, I 
think. 

11. Klathcmatics lakes one-fonrth of the time in the scientific coarse, one- 
sevenlh in tlie literary, and over one. fifth in the clasaical. 

12. It loads Greek, and is on a par with Latin and physics. 

13. Coiiiidored of fundamental importance and cootinued thronghont the 
four yeais of study ; twenty hours per week for the four classes (pure mathe- 
matics only). 

14. During the year, fonr honra per week out of a total of fifteen hours, 

IG, In the classical course about ten per cent, of the work IS in mathematics, 
»ad in the eofentilio conrae about Mteea^r c«nt. L liavo counted only the 
practibed woik and the pure malbematies, 6o-on,\\aa. 
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kat it tht relative prominence of matktmalifM ia your ooaree 0/ alads as iJioicti li/ h 
per irtek and per year? — ContioueJ. 

16. It has tlio Bame promiDCDce asdo the classics. 

17. Preparatory, two-thirds of the entire (r0rfc(ian« is mal hematics ; first year, 
ene-lialf ; aecouO, about two-flrtlis; third, ouo-fiftb; Tanrth, only applied math- 

18. One honr of matheioaticH each day, C e., six hoDTfiper week; about throe 
ftud tliree-fourths of other stodiex. 

19. Ooc regular course of etody practically covera five years, divided into 
three terms eaeli ; mathematics occupying one- third of each term for the ten 
tenna eoding with first term of the Junior year (Professor Qordon). In the 
•srly years of the course, equsl to any other eubjtwt escert English. (Professor 
Dnper}. 

20. Mathematics and classics each occupy five limes as many horns as aci- 

21. Twenty per cent. 

S2. Daily recitation reqaiied of every student. 
23. It is of the first prominence. 
S4, No special prominecce obsorve^l. 

25, Six honrs |>or week; about one hundred and eighty per year, 

26. One-flflhoftime. 
S7. Mathematics has seventeen hoaTs per week; the ancient languages, SftMa 

hours per week ; English, t«'elvo hours per week. 

SB. One-fourth of all the time during Fresbmau and Sophomore years is de- 
voted to pure inathomaties ; and oue-tenth of all tbe time in the Junior and 
Senior years. 

29. Mathematics extends through two-thtrdsof the course. Takes about one- 
Ibnrth of time durinf; that period. 

30. The time spent is about tbe same aa in the avarage college. 

31. Uore time is given than to any other one topic. 

32. It ranks with the natural sciences and the ancient and the foreign laa* 
guages. 

33. As prominent as any other chair, if not more so. 

34. i'reshtnanyear, threo-fifteentha; Sophomore year, three-fifteenths; Janior 
year, two-fifteenths (elective) ; Senior year, (wO'flfteenths (elective}. 

35. Id some courses one-third the time for one year ; in others one-third the 
time for seven terms out of twelve, with applied mathematics for eleven terms 
more. la both, eighteen nnits out of thirty-sis, 

3G. Nearly one-third in Freshman and Sophomore years. 

37. The same as otherstudies; three and three-fourths hours per week. 

38. Oneyear's work iiireiiaired of all students. Four years are required of 
mathematical students. Many elect mathematics for one or more years. 

39. The time is about equally dietiibuted between Latin, Qreok, modem 
lauguages, and mathematics. 

40. Different in the varions coureos. Matheniatic^s is more prominent iu the 
•eientifto course, claiming about one-fourth the student's time (perhaps ono- 
third). 

41. Freshman year twenty-one hours out of sisty-one, 79B per year ; Sopho- 
more eighteen oat of fifty-four, 684 hours per year ; Junior thirteeu out of 
aixty, 494 per year. In this estimate two hours of preparation are usually 
Rckoned with each hour of recitation. 

43. Sixteen hoars per week. 

43. Upon an equality with Latin and Greek. 

46. It is taught five hours per week until the end of the Sop homoie year. 

47. Co-oidinat« with Latin and Greek. 
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at it tlie relatioe promincHte of mathenaliet in your tonne of ttudi/ a» ihoten by heun 
per tettk andptr yrarf— Coutiaaed. 
4^. Aboat ODe hour out of every fonr, 

*9. Five hours ft ■week for two yeftraandoiieyeiradditional, wliichiselective, 
&0. About the Baoie. 

Gl. Ab gront as tliat of auj- other snlyect. 
Oi. Kqual with luuguagB and svience, until Junior year. 
53. Hub more time thau any other study. 

G5. Five out of fifteen per week for three years of tho couisd. No niathe- 
niAtios in the last year of tho course. 
K. It leaeives more time than any other suhject taught. 

67. First. 

59. About two-fiftha of the time in the various schools. 

60. Ah about Gve to four tn comparison with language and natural Bcieiioe> 
01. First. ] 
G2. It ranks with any other stndy in promiucuce. ■ 
G3. It is desired to make it equally prominent with other sulyeetB. H 

64. One hour daily in class-room. ^ 

65. Four hours per week are devoted to matliematlca throughout the ooniaOi 
It receives about equal attention with auy other subject. 

66. Quite as prominent as cl.tssics- 
G7. Under oar '*gninp" system, under- graduate students ivho inolodeiu their 

"group" of studies a mlnar course in mathematics devote one-third of their 
time for one jrear (as measured by honrs per neck) to mathematics ; those who 
take a major course in mathematics devote to it one-third of their time for two 
years. Tho whole time of an nn'ler-Rrailn.i'u course is three years, Aatndent 
Deed not iuclade any mathematics in his groop. Oar entrance requirements 
include trigonoDietiy and some analytical geometry. 

68. About one-fourth of required time is devoted to pure mathematiea. 

69. Stands near bottom of the list. 

70. Classioa, science, and mathematlos have equal prominence. 

71. During the first year for allstadenls, tbirty-threo and ons-lhird per cent. 
of recitation periods is for mathomiatics. The time for preparation wonld be 
larger. Oaring the second and third years tho eufjineers gave about twenty-five 
per cent, to pure and twenty-five per cent, to applied mathematics. During 
the Senior year about twenty-five per cent, to applied matheioaUca. Other 
etudents give bnt little time to matLuioatics after the first year. 

72. Four hours out of flfteen per -neek in Freshman year. 

73. Thirty-three and one-third per cent. 

74. Frealiman year fonr hours per week, i. e., twenty -five pet cent, iareqalred 
throQgboDl the year. Foot bouts per week elective is offered in Sophomore 
and Junior years. 

75. Five boars per week for the first twoyeareof the coarse. 

76. It stands Ihird in the course. 

77. Less prominent than tbe clsasics, except in the academy and in the 1d- 
dactive science conrsoa. 

78. It stands on the same level with Lotin and Greek— onrcoarseabejug (like 
those of Harvard College) elective. 

TO. It is on an equality with Greek. 

HO. Algebra, plane geometry, plane trigonometry are reqnired,Dvo recitations 
per week during Freshman and Sophoniore years. Mathematics Is elective three 
hours i>or week during rest of oourso. 

H2. Five boats per week for thirty-eight vrocks per year, or nearly oue-third 
of the whole work. 

64. In first year, oLiB-fonrtb the time; oeoond and tbinl, one-fifth; noDe in tba 
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U ih» relaliva promlneHW of matiematiot f(t your oourte a/ iludy ai ihoirn by 
per week and per yearT — Continued. 
BG. One-third of the time. 

86. Of teqoired work, mathDmatica hoa about fifteen per cent, oat of tke 
two boun weehly. 

87. Oar atndants average in three years elz and one-thlid lionre per week of 
mkthemntioR, to fouT ftnd one-half of language, tofooiof phfiicaandobemistrTi 
minetalogy and geology altogether. 

ee. It ia different in tbe different fean. For the four yo&ia it ia abont oai 
ten. 

89. One to six. 

90. Abontpar. 

91. The hoars ftro abont equal, token as a whole. For tho degree of B. 
they fht exceed. 

" 92. A high importance; fifteen terma (including the preparatory oonrse) 
fire hoars per week, forty weeka per year, for five years. 

93. Sab-Freihman year. two-seventliB of entire work; Freahman year two- 
nintha ; Junior year (elective) ono-fonrth ; Senior year (elective) one-sixth. Thia 
dOM not inolude meohaaiua, anrveying, and other applied mathematics. 

95. Foot hoara per week ; most other studies (non-profesaional), three. 

96. Daily recitations, one.half hoar «aDh. 

97. In the acientitio ooorgei it is first; in tha elaasical and literary, second 
(Latin and Greek, reapectiTely, English first). | 

98. Mathematics is the ground work of the inatittitlon, pteparatoir uid ooin- 
eldcnt with the courses in engineering. 

99. Two hours daily devoted to mathematioi during the aeaaion of tan 
months. 

100. Fourteen -siztietha of the four years' cootm. 

101. Twenty-five per cent. 
103. About one-third of the whole time ; ten honrs per week, 480 honrs per 

ywr. 

103. Each class averages five honrs per week, per year. 

104. Same, no prominence. 

105. In the preparatory course, total hours per week fifteen ; mathematical 
average, tbree and one-third. In college classes, total hours per week, fifteen; 
mathematical average, two and eleveQ-twelftha. 

106. The mathematical course for the majority of our coarsea la completed the 
Freshmao year, having five -sixteenths of the time. 

107. Leading study. 

108. Five twenty-fourths of the whole. 

109. Matbematica ranka with Latin *nd Gr«k throoebout, each getting fonr- 
fifteenths of the time iu first two yean ; elective in third. 

110. Until this year, more thau half the time was given to mathematios; now, 
perhaps, one- third. 

HI. Wo require two and one-half hours per week. 

119. Considering the honrs devoted to mathematioa. It ranks with any other 
nttject. 

113. Mathematics and Latin have each three houia a day. 

114. Freshman year, oue-third; Sopbomore year, four-fifteenths; Junior and 
Senior years, optional. 

115. The courses iu my department are elective. Qaeation cannot well be 
answered. 

lie. Five hours per week out of fifteen in Freehman year; tbree bonra pec 
week out of fifteen, Bophomore year for classical ; four out of fifteen for soiea- 
Ms. 
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S28 TEACHISQ AND HI8TOBT OF MATHEMATICS. 

What ia the relative prominenct ofmathematici in your oourn of itudi) as ihouin fty hovn 
ptr tciiek and per t/^ar T — CoBtinuod. 

117. Frestiman year, five faours pec n'cek out of sixteen; Sophomore, Gve oat 
of sevonticen iuStst torm, and three oat of eightten, second term. 

IIS. la BcicntiGo course Biiteen one-hundredtha of nhole tima, or twCDt]'- 
eight one -hundredths, including doHcriptive geomotrj and meuhauica and as- 
tronomy. In clusaicaL couthb thirteen one-hundiodths and sixteen onc-hun' 
dredtbs. 

119. Four houra per week required dnriDg the entire FroBhrnao and Sopho- 
more years, aud the tict^ond term of the Jnnior year. From two to six honra per 
week may be elective duriug the other tarms. 

130. During the first year, time devoted to mathematics is to time devoted to 
modern languages as four and one-half ia to tliree. During the second yoar, 
time devoted to malbematlcs is about tlie same as the timodevoted to language* 
■nd drawing. 

)23. It IS on an equality with the auhjecta tanght in the other departments. 

124. Matbematicit ia one of our most iuportatit siibjecta. Three profesaors 
give jointly forty-Sve houra perwoek to mathematical iuatrnction, fortwenty- 
■ix weeks, and thirty-nine Lours per week the remaining eleven weeks of the 

ISS. Froahmen five-fifteentha, Sophomores three-fifleontba, Janior^ (elouLive) 
two-fifteenth B, Seniors (elective) ttvo-flftuuntha. 

126. It occupies about one -third of the whole course. 

127. Full work in all subjuats fift«oa hours p«r week. In natbematios five 
hours per week whenever any mathematical sabjeot is stndted. Id tho prepar- 
atory department algebra is required in all the conrsea three terma (one full 
year), and in the science conraea four terms. Piano geometry is required 
tbiougb the last torm of the Senior preparatory year. Then, iu the cotlege 
course, we have solid Koometry, triROUometry, surveyiug, aoaJytical seometry, 
&nd oalculna, one term uacb. A second term of analytical geometry and cal- 
culoB ia required of the acieutitic atudenta ; and in the philosopbicil conne, 
■tadenta elect between a second t«rm of oalonlus nud practical chemistry. 

138. All courses are four or Hve hours a week. In clasaiDol ooarae, mathe- 
matics have 376 hours, required and elective, out of a total of 4,077 hours. 

139. Two huBdreid and seventy hours diutribnted through two years with 
opportunity of election in addition. 

130. Four bonis ont of fifteen per week during two years for oil the class; 
then foar out of iiftoen during another year fur electivcs. 

131. One-fourth up to second torm of Supboiuure year ; from that point all 
■ubjecto in the course ore elective. 

132. We have too many courses to make any general statement. ^^m 

133. About the some as ancient languages, ^^H 

134. Greater than others, except Engiiab. ^^| 

135. FrestimaQ year, five hours out of eighteen per week. ^^| 

136. Mathematics ia on an eqnality with all other courses. 

137. A little more than one-fourtb of the student's time ia given to mathe- 
matics in Freshman and Sophomore yeara ; alitUelosa tboii one-fouitli daring 
tlie remainder of the aoorse. 

139. Full oonrse, four hours per week. 

140. About twonty-Cve per cent, of total. 

141. On a par with tbe classical. 

142. Firatin tbe course. 

143. Pure matbematioB thirteen and six- tenths per cent, of required work. 
It may bo thirty-four per cent, of Bleottve work. It may be oue-fltih of tbe 
Thole ooone. 
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llfl the rulaHvt prominenct of nalhimalic* iit yourwuree of »Ud]/ m ihotea by haun 
per tcrek aadper yeart — CoQtinneil. 
J41. First year about thirty-three nnd ono-third pat cent, of time to mathe- 
nuttOB; accoud year, fifteen per cent.) tliiid year, tweuty'Gve percent. ; fonrtli 
year, fifteen per cent. 

145. Oat of the required eighteen banra per week, literary ulndcnts get in 
thoflrstyearfive, second year ttirce.tliird year uonght, fourth year one and one- 
half ; total, nine and one-hatf out of Bsventy-two ; acientifio atndents get in the 
fiCBt year five, secoui! year fonr and ano-liatf, third year four and one-half, foarlh 
year one and one-half; total, fifteen and one-half out of seventy- two. 

146. We regard it of greatest importance. 

147. In the preparatory course one-third of the etndy is mathematical, i, ». 
1B5 hours a year out of 555. The saioe in the Froehmon year. In the Sopho- 
more yeax 135 hours out ot 555. After that, none. 

148. Twenty-five per cent, of the atadent's time is devoted to mathernatica 
ttDtil he uompletos the Sophomore year. Besides, the stnduuta iu engineering 
devote twelve and one-bslf per cent, of their time in Junior year to mathematics. 

149. About one-fourth the time is devoted to ntathomatios. 

150. Mathematics to science about equal; mathematics to language ahoot 
four to one. 

151. About the samo time is give& to matfacmatics as to other branches, viz' 
five rocitationa per week, eicept in last year, three times. 

152. Mathematics, Latin, and Gi'celf huve each four liours per week for 
Freshman and Sopliomora yeant ; uo other subjocts have ax much time. After 
Sophomore yeur mnthoniatias is elective. 

153. More promiueut tliaa any other Bubjcct except English and equal io 
that. 

154. It stands first. 

155. It is OS prominent as any other brauoh of study. The Jnnior class, with 
whioh the college work properly begins, has five recitations per vreek, each 
one hour long. The intermediate class has fonr per week, the Senior has thr-te 
per week, and in applied mathematics there ore three per week, 

156. About twenty hours per week, or eight hundred honrs per session. 
IsT. It is given .is maoh time as other subjects, five hours per week in the 

Freshman year, five hoars per week in Uie Sophomore year, three hours per 
week in the Junior year, and two hours per week in the Senior year. 

I5e. Our system of indopoudout oobools and free oluctive courseii enables m 
to give a positive statement that, as avulo (with a few exceptional years), the 
school of mathematics is the most largely attended school in the academic de- 
partment. The Diuuber of lectnre bonra per week for uadcr'gtadnates is thir- 

159. Mathematics occaptcs a mora prominent position in oar schedule than 
any other branch. 

160. First. 

161. It occupies about one-third of the time devoted to the course of iustrnc- 

192. Five sections per week or nearly one-third of time for flrst tna years. 

163. It is probably on about the some fuoting os the other chief brauches of 
alody. 

164. Our course in mathematics is very promiuout, requiring ono-third the 
student's time through the Sophomuie year. 

IK. Throe to two. 

216. One-half. 

IB7. Classical course: FreahmanyeaTiOnB-thlrdoftimereqaired; SophomoM 
year, one-third elective; Junior year, one-uinth elective. Seiontitiu oaiWBfc-. 
FreeUman j'eor, oae-thirU required; Soptonwia ■juaa, Wo-iivaS.'W, \«n&M«^ 



330 TEACHINO AND HISTORY OP MATHEMATICS. 

What i9 the relative prominence of mathematice in your couree of etudy at ikaum hy k$wr$ 

per week and per year? — Continued, 
one- ninth eleotive; Janior year, one-ninth required; Senior year, one-ninth 
elective. 

168. Almost the least prominent thing in the coarse, as onrs is classical, with 
a leaning to natnral sciences. 

(a) Do you favor memorizing rulee in algebra? (h) What rrforme are needed in teaching 

the same? 

1. (a) No. 

2. (a) No. (5) It ought not to be taught to such young boys, who contract 
the incurable habit of learning it by rote. 

3. Principles, but not rules. 

4. (a) No. (&) Rules and principles should be deduced firom examples; a 
more thorough drill in algebraic language, especially in the meaning and ose 
of signs, exponents, etc. 

^. Do not use text-book too closely. 

6. (a) Yes. (&) More practical application should be given. 

7. No. 

8. No. 

9. (a) I prefer form alas. (&) More thoroughness and better understanding 
of elementary principles, with reviews and drilling. 

10. (a) No. (5) Algebra should be taught Just as arithmetic, wholly by the 
analytic method. 

11. (a) Some of the rules. (5) I do not know. 

12. (a) To a limited extent, (b) More of the spirit and reason and less mere 
mechanical solution. 

13. (a) ^0. (&) The modem methods, as determinants, etc., should be intro- 
duced as soon as possible. 

14. (a) Yes. 

15. (a) No. (h) A larger number of simple problems ; a less number of diffi- 
cult demonstrations, such as those in logarithms, the binomial fbrmola, etc.; 
an earlier introduction to the methods and notation of the calculus. 

16. (a) No. 

17. (a) Very little. (5) Anything which will make it less a collection of dry 
bones, and more a living and beautiful science. 

18. (a) Yes. 

19. (&) By proper classification the number of propositions could be materi- 
ally reduced and the number of important theorems and constructions for origi- 
nal work could be materially increased. (Professor (Gordon), (a) Ko. (fi) 
More attention should be paid to explaining and illustrating the principles in- 
volved in operations, and the embodying of questions to test the understanding 
of those principles ; e. ^., why x — 5 = 10 is equal to x = 10 -|- 5 ; why does + 
X — = — t etc. (Professor Draper. ) 

20. (a) Yes. (h) That the sense of the rules shall be known when the mem- 
orizing is complete. 

21. (a) No. (h) Teaching needs to be less mechanical. The reasons for proc- 
esses need to be taught more. 

22. No ; the inductive method should be used first. 

23. (a) Yes. 

24. No ; thorough drill in substituting numerical quantities for literal. 

25. (a) I do not. (6) In teaching the elements as few formal demonstrations 
as possible should bo used— first a working knowledge, and then phUosophice. 

26. (a) Do not. (6) Practical examples. 

27. No ; more attention to fundamental principles, clear teaching why signi 
are changed in transposition^ etc 
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) Do SfH favor tMoioriiiiitg riiUi in algebrat {b) What re/artn) are iiuitd 
Ih0 laniv 1 — CoDtiuaed. 
28, No; more prominence Co prinaiples and leas of methoil. Stadeoti ahoi 
do more pri vate work. 
89, No; it slioDid be freed from its meoliamc&l character. Algebtaalioulilbs 

30. Not much ; less ntemoTiziog, more snalyHis, more tlioroughneaa. 

31. We require tlia prinoiplea iavolrod, ratlterthan tbeeiuct noTdsof amle. 

32. Tbh ; oDly tlie most important rnles and theorems should be memorized, 
but those 'Aoro Iff A (y. 

33. Empbatioally no; more principle and wh;; leas toaghing, disgusting.K 
gymuaBtios. jl 

34. No. fl 

35. No; more familiaiitj irith techntgna ; less mecliau ism. ^ 
3G. No. 

37. No, air. 

2S. (a) Not in general, (t) In general, Ishoutd say amiire tliorongh teaed- 
ingofthe principle and reasoning of algebra. 

39. (a) Yea. (i) More ought to be taught. 

40. (d) Students ore nrgod to state operations and principles clearly and 
briefly witlfout moch regard to the text, (b) Many problema (original and 
otberwijse) should be solved mentally. 

41. (a) No. (b) More careful attention to tlie interpretation of literal eqniu 



10 extent. 

lot. (b) More drill on simple exercises, and fewer difficult 



42. (a) Tosoni 

43. (a) No. 
ii. (a) I do 11 

45. (a] I do not. (b) Bnch as will render the mind able to deal with the 
principles in forming rules. 

46. (a) Some of them, (i) Too little time seems to be glveii to tbe study I 
of algebra. 9 

47. (o) Not verbatim. (6) Morerigoroas proofs; more noting of analogies; ^ 
more as a preparation for higher work tlian the salving of problems as mere 

48. (a) Yes. 

49. (a) No. 

50. (a) I do. 

I>1. (a) No. (b} methods are learned by practice, and rules evolred there- 

Ei. (a) No. 

&3. (a) Very taw. (b) There sbonld be 
pHneiples. 

54. (a) Not mechanically. (A) The reform of good 
■Imple presentation. 

55. (o) No. 

66. (a) No. (b) Keep atadents oat of it nntil they have passed the discns- 
tion of arithmetic, 

57. (a) Yes. (_b) Wo need a simpler and at the same time faller elementary 
book. 

56. (a) At the hegioniug. (fr) Mora familiarity with principles. 

69. (a) Not generally, (ft) The teacher should assist the pupil to make his 
own rules. 

60. (a) No. (b) A correct reading of algebraio expressions in algebraic lan- 
go^^, and a clear analysis of work done. 



e praotieal application of its 
\e, and clear, 
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(a) Do you favor memorizing rules in algebra f (h) What rtforms are needed in Uaehin§ 

the same t — Continaed. 

61. (a) I do not. (h) Reqaiie pupils to think and not to be machines or Jugs 
to be filled. 

62. (a) To a certain extent. (6) There is need of impressing the students in 
some way with the idea of the practical value of the study and of creating an 
interest in it. 

63. (a) No. (b) Teachers should wait till their pupils are prepared to begin 

the study. It should be thoroughly taught. 

64. (a) Yes. 

65. (a) Yes. (b) The subject ought to be presented freer from technicalitiet 
than text-books give it. Unnecessary parts ought to be left out. 

66. (a) Yes. 

68. (a) No. 

69. (a) No. (b) Drill on the principles and raison ffSlre for formulsB. 

70. (a) Yes ; when once thoroughly understood. 

71. (a) No. (5) The use and meaning of exponents and of the negative sign 
are not made as clear as they should be. More accuracy. 

72. (a) No. 

73. (a) No. (5) Less rules and more thinking. The lees memorizing in 
mathematics, the better the results. 

74. (o)No. 
76. (o) Yes. 

76. (a) No. (6) The teacher should lead with the general demonstration of 
each subject in form of lectures. 

77. (a) No. (b) Pupils should be required more generally to demonstrate 
principles and work from them rather than from rules and formulae. 

78. (a) We do not teach elementary geometry. 

79. (a) Yes. (5) The rules should be proved as strictly as any proposition in 
geometry. 

80. (a) No. (5) More classification of subjects. 

82. (a) No. (6) The chief cause of failure in many cases is not doing enough 
miscellaneous examples for practice. 

83. (a) Yes. 

84. (a) Some, (b) None. 

85. (a) A more logical arrangement of the different sections of the subject ; 
more examples, and so given as to form a constant review of the ground already 
gone over ; application of business methods to the revision of many rules and 
methods. 

86. (a) No. (6) More thoroughness, practicality, and solidity of teaching — 
the German ay item, 

87. (a) To some extent. (6) For a course of study like ours I think more 
emphasis should be put on thoroughness than extent of ground covered. 

88. (a) Yes. 

89. (a) No. 

90. (a) No. (6) More attention to reasoning processes. 

91. (a) I do not. (b) More independence of books and greater original inves- 
tigatiou. 

92. (a) No. (b) Less memorizing and more thinking, both on the part of 
teacher and student. 

93. (a) Yes. (5) Pupils should be taught to state a proposition and follow it 
with a general demonstration, as in geometry. 

94. (a) Yes — No! Teach the pupil to develop the principle, and to formulate 
his own rule for it and for his process. 

95. (a) Not much. (6) Omit attempts to exhaust each subject at it oomeanp, 

96. (a) No. 
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B) -Oa youfawr memoriginj rulci in algebr^t t (h) What re/omt are netdtd in ttachlHg 
Ihe tamaT — Continiiod. 

97. (a) No. (i^) Blind, uareaBoning, mechaDical solution of oqaationa noeda 
klMtement; the doctrines of fonna and series, adTancoment. 

98. (a) No ! ! Rattle ihe hones of Ihe algeiraio ikeleton. tu exhibHed gencrallg in 
tkU oounlri/, and ihow U in itf tieing, brMlhins eonlinuily and beautg of fomc 
Oivt a eooBtpUoH of the uiAjni/oent jHneor of analntii. ^ 

99. (a) No. (b) Mnch desired iu te^t-booiiB, at least maoy of them, ^M 

100. (a) Not verbalim. H 

101. (a) No. ^ 

102. (a) No. (6) More atteution to principles and leas to proliloniB. 

103. (a) For itn ma lure students, yes. (h) Thu lueiboii of teachiug mnst, I 
think, vary nnder different oircumstancee, Tho principle iiioa should be to pre- 
vent tbe student thinking it difficnll. 

104. (a) No. (i) Knowledge, EBnerally. 

105. (o) No. 

106. (6) Ifavor thorongh mastering of the rffwoninjnsed in dedaGingfomiDbB, 
also memorizing for ready use. 

107. (a) Not word for word. (&) Digesting snliject as a whole, especially oo 

108. <a) No. 

109. (a) No, with few exceptiom. (b) A more tbopongh treatment of a 
■mailer number of subjBOts ; use of iletcriniDanIs, lessfractionn. 

110. (a) No. (h) More stress should be laid on factoring, less on the the- 
ory — more of the solid work with a broader view of its application. 

111. (o) We do not. (6) More mantal exercise and lesa bluckboard wort. 

112. (a) I do not. (b) More attention should be paid to general) eb lion than 
it usnally receives. 

113. (a) No. 

114. (a) No. 

115. (a) Tbat depends. (1) We need noreforma (Professor Peck), (o) Yea. 
(t) In tbe preparatory schools more work skonld bu done independently of tbe 
tert'book, and a more elaborate elnctdatioQ of fundamental prinoiples should 
be given (Tutor Fiake). 

116. (a) No. (b) In general, grc:Lter attention to accuracy; in particular, 
more attention to Iboory of exponents and radicals. 

117. (o) Yes ; either those of the taxt-book or carefully prepared ones. More 
" why " needed. 

118. (a) Yes; so far as tosconre accuracy of esprcuion and as a mode of fix- 
ing methods clearly in the mind. 

1119,^ (o) Not to a largo oxient. (/>) I think the student should be taught to 
rely npou his logical powers, rather than his memory. 

120. (a) No. (fc) Methods that develop a clear understanding of each proc- 
ess and ability to explain (pearly, in place of a knowledge of rnlos without 
nnderslanding. 

121. (a) No. (b) More of tbe itidixilire method ; and the abolition of much 
that may be interesting theoretical iy, bnt of little practical u»o, 

122. (a) In very few cases. 

133. (r) Yes. (b) An improTcmunt in the speed with which tbe mechanical 
processes are done. 

124, (a) Yes ; saves time. (&) Get teachers who know more, 

125. (a) Hardly, (b) 1. Opposite numbers ought tobe given afull treatment. 
Including all the rnles for signs, witb illustrations and a considerable number 
of examples and problems in tbeir usa, before tUe lilrral iialatian i» begun. 2. In 
the former the reason for the use of 4- and — to mark tho aeries ought to be 



634 TEACHING AND HISTOHY OF MATHEMATICS, 

1 no ynH /aMrnemorMng rutt* in aJgebrat (h) What refarmt art mvded in teaeMng 
the lamet — Contioaed, 
brongbt out simply and plainly, and Jastifled. S. The faat that in element- 
ury algebra the letters alwaya Btand for itumberi ongbt to be reiterated to 
avoid Dbaonrity of ideas ia the leamer'a tuind. 4. Tbe treatment of tbe eqna- 
tionshontd be analogona totbat employed ia geometry. Tbe Dietbod of writing 
references to azioDi!!, etc., at the rigbt of tbe page, familiar to those who have 
used Wentwortb'a Geometr;, oaa l>e employed In algebra to eveo greater ad- 
vantage. 
126. (a) No. 

137. (aj Some of tbem, (A) ExamlDatlotia of atudetitH fi-om many places con- 
vinoe me that algebra should be taught more thoroaghly than it is in moat of 
the schools. 

128. (a) No. (£) Eiplanation to be really bo, and work done at time of ex- 
planation as far aa possible. JUany comparatively simple problems, not puz- 
zles. SeiB work in bonr. Studenta to be ranked according to aotnal work 
done in problems. Mnch board work by entire class. 

129. (a) Yes and no. (b) Better elementary teit-books, better preparation 
on part of leaoher ; more rig;id demonstrations of tbe principles of a science. 

130. (a) Not in general, (ft) Mor« attention shonid be given to the axioms 
and the fundamental laws and their conooction with iho subject, and more al^ 
tention to the theory of simultaneous equntions. 

1.11. (a) Yes, most important, bntnot necessarily In tbe words of text. ((] 
In tbo larger colleges al>!obra is mostly taught by tntors, who hold temporary 
appointments, and do not expect to make teaching their life work. Algebra 
oa well as caloulng should be tanght by a permanent professor. 

133. (a) Ym, bnt not in rigoroos form, (b) Greater facility ia their use nith 
a more intelligent tmderstaiiding of them. 

134. (a) Yes, bnt they most also be thoroaghly understood. 

135. (a) Yes, for average student, (b) Examples givi*D should be made more 
modern and practical. The theory o//vnction$ thoald it inBorporalrd, beginning 
with limple tlemenle. Tliit will mate the KhoU tuhjtet of >«ri«i, ein., eatg far ih» 

136. (a) Very few, 
13T. (o) Yes. (h) Let Di have live, enthusiast io, and competent tcaohMl 

Bucb as will ti>nch the subject rather than the text-boek. 

138. (o) Tbe more important, job. (6) For the preparatory work, greator 
thoronghiiess is mnch needed. 

139. (a) No. (i) Explain by common sense and not by rule. 

140. (a] It docs no harm, {b) Th« current text-books are too arithmetical. 

141. (o) No. 

142. (a) Ho. 

143. (a) No. II) Lew mechanical work; more thonght. Students should 
be tanght to think I tbinkll thinki!! 

144. (a) No, (b) With such textrbooks as Hall and Knight's Elementary 
Algebra and same as C. A. Smith's or Todhnnter's Higher Algebra ; no r^orm 
tieeded. 

145. (d) No. (b) Greater atUntion to mental and intentioHal algebra, and lo 
mimrrical and geometrical oppUcationa and illuitTalioni, 

1*6. (a) No. » 

147. (a) I recommend the memorising of the roles, anlees the papils famish 
a good working rule of their own {a rare case). 

148. (a) No. (b) Amorethoronghdriiiin factoring and In fractions, and in 
putting into wonls the idea* conveyed by its Bymbois, equations, and op era- 
tiona. Also gteaCec preciBton of expiession. 
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149. (a) I do not. 

150. (a) No. 

151. (tt) I do not. (A) The pupils leonk to do by doiog. Hence, Instead of 
luTing pnpils waste their time on abatroct demonBtratiauB, let them boIto 
melons pioblems of every vorietj. It iaonlypractico that makes perfect. 

152. (a) No. 

153. (o) No. (&) ThflfouBIliiiSOf all algebra npon the lawa of operation. ^ 

154. (a) No. 

156. («) Yes. 
15fi. (o) Not at all. ((} The pnpil should be taught to think rnther than U> 

tsork by rule. More thoroaghness naedod. 

157. (a) I do not. (b) I think tliat the Htiident ahould be reqaired to con- 
fltniot hia own mlee aa far aa poasible. 

159. (a) But few. (i) Principles ore apt to bo lost sight of in the strict and 
oIoK adherence to inles, 

' 160. (a) No. (,b) More thoroogh drill ia needed, ospecialiy in the elomentary 
piineipleA. 

161. (a) Yea. (b) Broader tiows of algebraic operatiooa ; more geoeializing 
And greater exactness of language. 

162. (a) Yes. 

163. (a) Yea. (t) The mlea shonld bo domonatrated oftener than they are. 

164. (a) No. (b) To develop the subject by origiual investigation. 

166. (a) Yea. 

167. (a) To hot very alight extent, (i) Less formality and more "realism;" 
introdnction of principles often held back nntil higher branoltes are reaohed, 
t, g., faotora of direction, difFerentiala, etc. 

IG8. (a) Only very few. (h) More attention to problems involving pilnciptea 
uidlesa to puzzles. 
K») To vlutt extent are nodeU uftd i» geoaelry T (b) To wltat txtml and Vith vhat tuocesi 
• original eitreiia t (o) Do yov favor ■menm-icing verlatim the theortmi (not the deiaon- 
tUvlioni) in geamctryt What re/oma are needrd in teaching Iheiamet 

1, (a) Clasa-room very poorly 8npplic<l, bnt we use the few we do poMces as 
mnoh as possible. (6) Such exercises are given every day and are found to be 
very beneficial, (c) No. 

2. (a) Moderately, to explain effects of iierspeotiTe on the blaok-boitrd. (b) 
To ft rery moderate extent with the great majority of students, to a great extent 
with the beat. 

3, (a) When models have been nsed it has facilitated the work, (c) Yes. 

4. (a) They ate nsed to a limited extent. I qnestion very much the advan- 
tagea of nsing models, except with beginners, or ratbor with tboae who aro 
stndying works introdoctory to re^lar demonstration. (6) To a limited ex- 
tent. (<^} Yes; more original work ; more attention to logical prooeasea, clear- 
ness and accuracy of statement. I chao^ the flgnres, {. e., their relative posi- 
tion, so that the demonstration shall be reasoning and not memory. 

B. (a) Use them to a great extent. (6) Original exetoises vrith fine anccess. 
(e) No; some. 

6. (a) The text-book qnite closely followed, [b) Some daily and with good 
ucc«es. (c) Yes. 

7. (a) Not used. (6) Used to some extent, (o) No. 

6. (a) To a large extent, (b) One-Gfth of work in geometry is In original ex- 
Braioe; the sncoesa is good, (c) Yed. t 



836 TEACHINQ AND HISTORY OF MATHEMATICS. 

(a) To lekal eit«nt are modcU Vied in geomttrji t (b) To iBhut extent and ufUliKhatmeeeu 
original erercUest <o) Do you favor mtmorising vtrbalim the iheoremi {not Ike demon- 
ilrafioB*) ia grometiyf JVkat rr/otmiare noedfrf in teachivg the tame f — ContiDued. 

9. (a) To a oonsiderablo e^iteaC in the lower griuleB. (b) Very eitensiTety 
8n<l with very B&tiBfactorj resQita. (o) As a general tbiDKi I am of tUe opinion 
that too little time is giTon to the BnbjBct to tevare the Wit raiitii. 

10. (a) L.trgclj, both in clHSB-roDm ami oot-doorB. (t>) To no great extent 
and witli no uiarked BQccesg, as yet. 

11. (n) Very littlo. (i) The eierciseB in WeUt'a Geometry are nseil. Some 
of them seem liard to tbe etn dents, bnt on tliewliolo they do fairly with them. 
(c) Almost verbatim. 

12. (n) Only moderately, (b) They take one-tbird of the wbolo time and 
make the life of the work, (o) The Ti^oronsTeqniiemcnt of original well-grftded 
work from the very first. 

13. (a) In descriptive geometry only, (o) It onght to be tangbt more from 
a comparative point of view, 

14. (a) None, (b) To a very limited extent and not with marked fluoceso. 
{-ONo. 

15. (a) Models ftre largely nsed ia geometry in three dimensionB, (b) To a 
amall extent and without marlfod soccess. (a) No; better dratring in the 
toxt-hooka, especially in geometry ia three dimeunious ; more attention to the 
drawing of the studouts; leas geometry, altogether; I think the importoDOeof 
Eaclldiaii geometry as mental discipliue is greatly overestimated. 

16. (fi) To a very largo extent and with excellent snccess, (c) It is left Oj 
tional with tbo student. 

IT. (a) Very little, (h) Snbordinat« to a marked degree, I am trjing to 
change this state of affairs. (ejYes; more original work, also more comporo- 
tlvo, not purely desoriptivo work. 

18. (a) Always nsed 1q teachiug solid geometry and in teaching conic seo- 

19. (a) Forms are used in solid geometry, etc. , freely, to aid the mental oon- 
eeption of the ptr/rot iiifals of mathematios (Professor Gordon). Bnt little OMtd 
in piano geometry (Professor Draper), (t) Vary simple exertises, arithmetical 
application of geometrical principles, constructions, and problems are lieely 
used. Very simple "catch" theorems or "corollaries" involving some absurd- 
ity are occasionally introduced to heproved! Stadents of ordinary intelligence 
generally succeed with eserciaes gradnated to their state of advancement (Pro- 
fessor Gordon). About one-fifth of the time is given them. Those who do well 
in the text and slnnd questioning npon it are fairly snocesafnl with originals. 
(Professor Draper), (c) Yes ; except in a few cases where I think tbe theorem 
itself oan be Improved. Would begin it in childhood of pupil; would spend 
more tinio on its elementary principles (Professor Draper). 

20. (a) Models are used In solid geometry and spherical trigonometry, (b) 
To a limited extent and with good resnlts, (c) Yes. That the sense of tbo 
theorem be known when the memorizing ie complete. 

21. (o) Very little in plain geometry; more, but not very eiteusivoly, in solid 
geometry. (6) Used largely and with unqnaliQod saocuss. (o) Yus. Using 
figures just as given in hook, iislngoniy propositions already proven, and many 
other things of a umilar kind need rcfornintion. 

, 32. (a) To a limited extent, (ft) To hntitedextont and with good sneceas. 

(fl) Yes, at first ; it promotes accuracy of expression. Groatet latitude may bo 
allowed with advanced students. 

S3, (a) Models have just been obtained. 

iM. (o) None, except to il^tiato solid bodies, (b} Extensively a 
oeeafully. 
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f MATHEMATICAL TEACHING AT THE PRESENT TIME. 

(a) To vhat extent arg nodeU Uied in geotnelry t (b) ToifhateslentaniicilliteJtaliuceeii 

original acrcUttT (c) I)o t/ou/aror nmnnnising verbatim the IheiH-emf (not the d«mon- 

iJratioM) in gtomttryt What rrformt ait neededia teachimj Iht >amet — Continued. 

95, (rt) From want of faods tlio supply is limited to Hiich rude modela aa 

teacher and Gtudpnt oan make, (b) Original exercises in connection with 

every study are nscd freely and with good results, (c) More origiaat exer- 

26. (d) No. Variation of letters, etc., to represent angles. 

ST, (a) I have relied upon mcxlek to a great extent. I rcijiiire all BtudyiDg 
■olid geometry to constcuet tlie live regular polyliedrous with pasteboard, giv- 
ing reoaOQ why only five eno bo formed. (5) All classes work at original 
^ propositions. The resatts have showu the practice to bo very important. 

38. (a) No Models used in plane geometry. The sphere, the oone, and a few 
others are used in solid geometry, (b) Oue-balf of all the time for geometry 
is devoted to original osarciaes. Success very satisfactory, (o) Siime. More 
original work. Denionstcations vnrj-ing from those of the author should bo 
encooraged. 

29. (a) Not to a great extent. (&) Theyare&eelyused with thehost results. 
(o) Yes, substantially ; the gravest error is the memorizing of demoostrationa — 
an evil that eeeuis unavoidable, if teTt-books are employed. The ideal method 
is oral inatraetiou, In which the mental movements of the pupils are nndertho 
eye of the instructor. It Is a pity that a subject that has auoh posslhililies for 
pupils should be so tanght asto become a mere "memory grind," 

30. (a) To uo great extent, but figares eztODsively. (b) No great extent. 
Hnman nature is not original. Originality is the exception. The average 
student who spetida his time oq original eierciBes will fail of that discipline in 
tntlkod which he needs, (o) Tea, the student will beeomo beuetitGd in learning 
of albrmulaof wordsexpressing trutlis. Stick to the Euclidian method; theio 
is CO "royal road" to geometry. 

31. (o) Suoh OB we are able to iitiproviso. 

32. (a) They are not used, (h) We intersperse them thronghont the entire 
le of geometry, (c) While they should be memorized, the student should 

learn to state them also io good laogaago of bis own. 

33. (a) Practically to no extent. (5) Great snccesa when oscd. («} More, 
mucA more original work and simpliU cation of demonstrations, 

3t. (a) Very little, (ft) One-third to one-half of work assigued. Great suo- 
oeaa with the better students, (c) No. 

35. (a) Used ia theatudy of the geometry of space, of surfacesofthesccond 
order, {b) Geometry is urowdcd into short time for necessary reasons ; some 
original work done, teas than would, be nsefuL (c) Yea. Greater familiarity 
with deSnitions and axioms. The constractive method of carrying on demon- 
strations (_i. e., omit drawing fignre in full, beforehand), 

36, (a) We approve of their extensive nse, (b) Throughout the course ; soo- 
is indilfereut. (o) Ves. More attention to the form of demonstration audao- 

oorocy of statement. 

S3, (a) Not nscd to any extent. (_b) Original exercies are exteosivety used, 
uid a greater intoreat in the study, (c) More attention paid to original exer- 
e well graded. 

38. (o) Models are nacd, (6) All the eiamplea in Wentworth's Geometry are 
■olved, together with setectioua ontsido. We are more succussful each 
■noce«dlug year, {e) No. In general, less text-book routine and more prob- 

o difficult, but well graded. 

39. (o) Verj- little. (6) Much and withgteat enooeas. (o) Yes. Moreilemon- 
■tistlous shonlil be written ont, both in the elements and kmou^ original exer- 
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838 TEACHINa AND BISTORT OF MATHEMATICS. 

(a) To vihai extmt ar§ wMdaU used in geometry t (6) To what extent and with what tiMoeM 
original exeroieee t (o) Do you favor memorizing verbatim the theorems (not the demon" 
itrations) in geometry t What rrforme are needed in teaching the eamet — Cootinaed. 

40. (a) Not very much. I prefer that stndents should learn ae Boon as possi- 
ble to form mental pictures of the figures and reproduoe them on the 
board, (h) Frequent original problems are giyen and are very valuable, (c) 
Original problems and propositions should be giyen in connection with the les- 
sons from the beginning. 

41. (a) They are used in teaching the higher surfaoes, especially the warped 
surfaces in descriptive geometry, (h) A few original exercises are given with 
the text-book work, and with marked success, (o) No. More reliance upon 
the imagination for the figures and less upon the blackboard. 

42. (a) Limited. (5) Very largely and with great success, (o) Not neces- 
sarily. 

43. (a) A limited extent, (b) Original demonstrations are required on one 
day of each week of second term, (c) Yes. 

44. (5) From first to last with good success, (o) I do not. More original 
work. 

45. (a) They are all represented by the blackboard. (5) As mach as possi- 
ble ; usually daily, (c) I do. Lesa demonstrations in the book ; more propo- 
sitions for the student. 

46. (a) Geometry is with us a preparatory study, (b) Constantly, with suc- 
cess, (c) No. The geometrical teaching in our public schools seems to be ex- 
cellent. 

47. (a) To a large extent, (b) With good success when in printed form; 
otherwise not so. (o) Unless the student can hold himself to an equally clear 
form. A union of the old rigor with modern improvements. 

48. (a) The usual blocks, etc. (b) About one exercise out of every ten with 
fair success, (o) If the text is given in definite form and is well wordedy yes. 

49. (a) None, excepting the elementary models. <o) In part. 

50. (a) As far as needed in all cases. (6) Not much success as yet, but hope- 
ful, (o) I do. More use of exercises and original work. 

51. (a) We have about one hundred dollars' worth of models for pure mathe- 
matics, (c) No. 

52. (a) For solid, (b) From the first and with gratifying success, (o) Yes. 
Practical application of principles in concrete problems. 

53. (a) Only ordinary models, or those commonly used, (b) Occasionally with 
good success, (o) Yes. Less speed and more thoroughness. 

54. (a) To a limited extent. (5) Made prominent and with good effect, (c) 
To discourage mere effort to demonstrate by memory, rather than by intuition 
and train of reasoning. 

55. (a) As far as possible, especially in solid geometry, {b) A great many 
original exercises. They are the best measures of the student's ability, (o) No. 
Less memorizing of demonstrations and more original work. 

56. (b) The representative theorems are all demonstrated by original work 
as far as possible, (o) Yes. Any plan that will prevent students from memoriz- 
ing the demonstrations. 

57. (a) Not at all. {b) Have not tried this plan yet. (c) No. Not prepared 
to suggest. 

58. (a) Not much, and mostly in spherical geometry, (b) Have had some 
original work with profit, (c) Yes. More familiarity with relations of parts 
to each other, and less dependence on the wording of the demonstrations as 
given in the hook. 

59. (a) We uHually ueo diagrams, (h) To considerable extent and with emi- 
nent snccess. (c) Yes. All hail! to the man who will devise means to prevent 

tibe pupil from committing to memory the demou«tralvotv%» 



MATHEMATICAL TEACHraO AT THE PKEBENT TIME. 3'. 

(a) Toahat rxlett art nodtli uied in geometry t (6) ToicMf eximt and villi wtMlmeeeti 
originnl esfrciefnt (c) Do you favor mtniorising rtrbatS^m Ihi Ihnrrem* (not lA« d»moti- 
ilrationt) (■ gcomttri/ 1 Wlial rr/ormi are needed in leacliiug Ihi tasie F— Continued. 

60. {a) To ft mndiTutp esMut. (b) LMTgMy, sail with great sdoobm. (d) Yea. 
GbaTdliig against nae of mfltnoiT too mii[:li by BtadaDts ia dcmonstiations of 
propositioua. i 

61. (o) In lecturing only, (o) Tot, Tboroagh nndentuidlug of relatiyuly 
Important principlM. . 

62. (a) To B very limited extent, {i} Ws nao a f;roat many original eo^Tciaea 
with mncb Boccesa. (s) Tea. Too many allow stmleats to mamorite th<) (tomon- 
■tratianaand tbaa miss tbe great adruitage in geometry, a derelopmeut oftlia 
reasoning facnltiea. 

63. (a) So fiT aa to illnBtrata ttlanglea, parallelograms, clrelea, pyramida, 
prisms, oonAB, eyUndera. and apberoa, (ft) Limited, (d) Yea. Deni<jnatratioiu 
ought not to be memorized. Papilfl ovght to bs ebown that the tmtli of each 
propoaition ia establiabed by a oonrsa cf togioal reaaoninji. 

64. (d) Fotillnsttatingaolid geometry, menauiation, oonio aeotlotu. (o) Yes, 

65. (a) Notatall. Thisisdae to tbe Bchoolnot belogproTided wlthmodela, 
A&d not to the teacher's preference, (b) Tliey are need only occA^onally, bat 
with cooaiderabte aucceea when naed. (o) Vea. 

66. (a) Whenever neoeaeary. (o) Yea. 

66. C) ^"t At <^l' '» geometry, to slight extent in deictlptive geometry. (&) 
Cadets ara freqoeotly required to submit exerciaaa. (e) No. 

CU. (a) Largely. (6) Few, but aatUfactory. (c) No. Zariludt— ao long as 
objeet is dearly stated, and demonstration is eonoiae and eoiuplete. 

170. (a) Very limited, (ft) To a limited extent, but with j[uod aaaoMS. (aj 
Tea. More extended use of models. 
71. (a) The Bpherieatblaokboard anil models are naad oonsldcrahly. ; 6) They 
are being introdaced with good siicceaa. (cj No; except for those stndeDlsnho 
most in order to nnderstand them. Stndenta sboold learn to depend leas ou 
the printed dBDonatrationB. 
72. (a) Definitions are tanght by means of models, (ft) The extent varies 
with different classea. The success ia good with abont one-third of the class. 
(e) No. 
73. (a) Little, (ft) To some trifling extent, always with proGt (e) Yea. 
74. (o) Where modeJi seem to make princlplea clearer, or their application 
pnotical, they are osed in teaching aalidgeometiy and spheiioal tiigonometry. 
(.) T«. 
75. (b) Nearlyone-half the time is spent npon original work and with marked 
■nooeia. (o) Not absolntely. 

76. (a) In metrical geometry modela are naed altogether for illastration. 
(b] Onr time being limited, we spend little on original exerciaee, bat with 
fine snccess. (c) Yea. The student should be required to carefully write euoh 
demonatratjoa opon the board. 

77. (a) In solid geometry all tho principal figarea are Ihna tllnatrated. (ft) 
To a considerable extent in plaoa gaometry and with excellent ancoess. (o) 
Tea. More original work and less memorising of demonstrations. 

>78. (n) Very little, (ft) Ton very considerable extent and with marked suc- 
MM. (f.) No. More attention should he given to original work. 
79. (a) To no gruat extent, (ft) Origlualeiercisea are givenasoptiooal work 
and a few atndentH ate very succesafal in them, (e) Indifferent, provided they 
arefiven cjoarly and concisely. 

9ff, (a) 1 nse them very frequently, (h) Original exercises form a part of 
nearly every Ipsson. With a few esccptioos the reialta are exoellent, oc at 
^^g least aatiafsctory. (o) Yes. More original worY. 
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340 TEACHING AND HISTORY Oi' MATHEMATICS. 

(a) Trnehal eMent are modtl» tiled in gaoaieiryt <t) To tekat extent and iHth what »ueee»* 
original ernrciieit (e) Do j/ou favor memorizinfi rerbatiin the theorcnit (not the danon- 
§tration>) in geomttri/t IF/iui re/ormi are needed in teaching the lamet — Con tinned. 

62. (o) Somowliat in BoHd geometry, (i) To a very largo extent in tlailf 
wort and witli Tery aatiefaotory resnita. (e) Iholi students reBponsible tor b 
kaowlEdge of tbe theorom.bnt not Terbatini. 

83. (b) Original exercises are ne»d and with good sncoeu, (c) Yea. 

Si. (a) Not at alt. (6) To a considerable extent and with much anccesB. (e) 
Ko. More attention to logical form and precision of state me nt. 

65. (a) In coarse oa " form." (b ) A» far as the time allotted will allow, and 
with great snccMS. (c) Tea. A greater nse of objects. A leaving at parts of 
the donioDstTations to be filled in, thns training for original wotIc. 

es. (o) No. Tbe adoption of the heuriitio method. 

67. (a) Very little, (6) Original eierciscs eompri.te a very largo part of the 
work, say one-half, in geometry, (o) Yes ; those to be frequently referred to to 
■nbaeqnent work ; otbers, no. 

83. (t) Much aaed in geomatry, and very sncceasfuHy. (a) Yet. 

B9. <a) None, (b) Namerous practical problems with, I think, good sacoeM. 
(c) No. 

90. (a) To i^jiall extent, (t) A very large extent and excellent rMolti. (e) 
No. Cultirationof moreoriginality by meanaof graded exercises. 

91. (a) They are not mnch need, (i) They are uaod whenever there is an 
opening; enccessiegood. (o) No. 

03. (a) They are used to some oxtoDt in solid and generalgeometiy. (b) To 
considerable extent, with very satiafactory rosnlta, (e) As arnle.yes; for the 
reaflon that tbey are uannlly stated much moreconciselythao the student would 
Btate tbem. More original dooionstmtions. 

93. (a) Full sets of SobrSdor'a (Darmstadt) models. In solid geometry stn- 
dentd make models from pasteboard. (6) Snob exercises in connection witb 
nearly every leaaon, and with gratifyiu}; success, (o) Yes ; uamber of proiio- 
sition and book should not be memorized. More problems and practical appli- 
cations ; more theorems for original demonstration by pupils. 

94. (a) Very Bparln^ly ; find tbem hurtful rather than helpfiiL "Normal 
Mhool" methods are a failure in geometry. Have tried both and teen both 
tried, (b) In connection witb nearly every theorem and every lesson. Sncoew 
good, (o) Yes— DO, depends on the student and the sort of drill he needa. A 
more rigorons insistence on founding evertbing on tbe axioms. 

05. {b) Many new eierciaes frith great BOGCess. (c) Introduce more exeio ilea 
and require variation in figores. 

96. (a) None, {b) Very conaidcrable extent aud good sncoess. (e) Not rer- 
batim, but clearly and folly in substance. 

97. (a) Hitherto but little; henceforth verygtoat(iItheappTopriatioiiaaked 
oftheSt-ate be granted). (6) If unassisted, oronly slightly assisted, demonstra- 
tiou and solution be meant, great and good, (c) No ! Rupture wilk the tradi- 
tional Euclidian melhodi, alignment vrilh the march of modem thought. 

08. (a) To IV small extent in descriptive geometry <warped snrfftoes, etc.). 
(h) To a great extent and as much as possible, and with marked aaoceM. (c) 
No, only to a slight extent for beginners. More original exercises, sad more 
miadern gromelTy o/poiition. 

99. (a) Aversgc. (b) Tested daUj. (e) Yes. 

100. (a) We use models of tbe usual geometrical forms for illustration, (b) 
Frequent exercises in geometry ; success only moderate, (o) No. 

101. (a) In solid geometry, (fi) One-third. Good results with fair succeaa. 
(o) Yes. Larger per cent, of original work required. 

103. (a) None, (b) ]i:xtensive]y used, and results very grati^ing. (e) Yea. 
Hon original exercises and a mora rigid reference to first prindplaa. 
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^^ MATHEMATICAL TEACHING AT THE PHESENT TIME Sit 

(a) To vj>iat extent are modth uerd in geometi-i/t (6) To what extent andmithtrhat 
origioiil eitrciaeit {c> Do you favor memortiing rerbatim the iheorema (nal the demote 
ttratiani) ia giometri) f fVkat re/ormf are tKeded in tracking theaameT — Contiuiied. 

»I03. (o) Noue. (6) In geometry, wHU fairsnccoas; in practical Htirveying, 
lereling, etc. (c) Tes. As a rule, not allowing aa; leltetLii;; oa board, oto. 
104. (a) NoDo. <6) None, (o) No. 
106. (a) To a very limited citent. (i) To the extent whiolt t!ie time will 
permit, nod with iacreaaing decree of eacceu, (c) I do not. I tbitik reform 
needed in regard to grasping tha tratli, aad girlug it in good laoguage, of tbe 
pnpil's ielectioD. 

107. (a) Very little, (b) Slight extent, (c) No. More original work. 

108. (a) Small, (c) Yes. 

109. (fl) Very little, (b) Considerable, -with fair sucoess. (e) No. Inoorpo. 
ration of some treatment of moderu geometry, 

110. (a) To a considerable extent ia teaching solid geometry and spherical 
geometry. (&) Origioal exerciaes constitnte half of the work, and with antia- 
factory Hucceija. (o) Yes. Hec^uire more solutions of praotical probleuiB ; thia 

^^^ teats the ability of the atadent and teu^hes him to walk alone. 

^^L in. (aj None. (A) We ueefew. (c) It is not material with na. 

^^M lis. (o) Only to a limited extent in lllaatrating same of the propcrtios of 

^^B planes and solids. (&) To a great extent, and with aatiafactory results, (n) 
^^K I do. It is necessary that the atadent should know what he is required to 
^^H demonstrate. Theoryaad practice sboatd go band in band. 
^^^ 113. (a) They are naed forevery demonstration in solid geomotry. (o) No. 

^^^f 114. (a) Very little, (fr) It has not Hcemed profitable to spi^nd much time on 

original work in geometry, which is a study of the Freshman year, (e) No. 

llfi. (i) A great number of original exeicisea are giveti with complete suo- 
oesa. (e) I do not favor memorizing anything except sueh principles as are 
^^^ needed in after work. For purposes of iUnstration we haveafoU set of models 
^^^L of solid and dcseriptiTo geometry, (b) Original exeraises are given as regular 
^^^K «nd extra work to all classes, (c) Yes. The elementary prinuiples of logio 
^^H ebould be explained in connection with elementary geometry. (Tutor Fiake.) 
^^H lie. (a) None, (b) Increasing number from year to year. Successful with 

^^H first third of the class. 

^^H 117. (a] Student-s makomodetsinsolidgeometry. (li) With excellent reanlta 

^^H and to a large extent in geometry and trigonometry, (o) Yes. Throw students 
^^K more on their own resources. 

^^H HE (d) Merely in explaining and illustrating, (b) They ate required more 

^^^K or less tbronghout the conrso, especially in geometry, (c) Yes. 
^^H lis. {a) We use the globe and the usual geometrical solids. (A) Original 

^^K oxeroisea are frequently given ; success is very fair, (o) Tes. 
^^^ 120. (a) None are used in plane geometry. We have twenty-six fine models 

^^K of warped and single-curved surfaces f-or use in descriptive geometry, (b) Orig- 
^^H inal exercises are given out at each recitation, with great suocess as regards 
^^H the development of mathematical knowledge, (o) No, With each lesson the 
^^K atndent should have several original exeroisea involving the principles, to solve 
^^V or demonatrate. 

121. (a) Alwaysin the teaching of geometry of space, whenlfind it helpful. 
(b) Continually given as wlunfarj text-work, excusing the student from formal 
examination in proportion to her auocess in it. {o) No. The abolition of in- 
dirwf proof, and the use of aymbolio notation, with apeoial attention to form. 
) In aolid geometry, (b) To a limited extent, (a) Yes. More fro- 
\tdireet application toproblema ia which dimenaions ore to bo found. 

} To a moderate exttnt. (b) To a considerable extent and with as 
la can be expeoted. (o) Yea. More frequent testa on original 
M and pioblema. 
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342 TEACHINO AND HISTORY OP MATHEMATICS. 

(a) To what extent are models used in geometry f (h) To what extent and with what 8uc<ies$ 
original exercieeat (o) Do you favor memorizing verbatim the theorems (not the dtmifn- 
striitions) in geometry t TVhat reforms are needed in teaching the same t — Continued. 

124. (a) The students make models of the regular polyhedrons, (b) Large 
numbers giren in each class ; this is one of our chief methods of drill and 
training ; it is the only way in which fundamental principles can be so thoroughly 
ingrained in the mental malce-up of a student that he is no longer oonsoious of an 
effort of memory in his knowledge, (o) Yes, to encourage exact expressions and 
as a tribute to order which is the soul of geometrical reasoning. 

125. (a) Very little at present; hope to use them extensiTely. (() To as 
large an extent as possible. With good success from the majority of students, 
(c) I do not. (1) Better trained teachers; (2) more thinking and less memo- 
rizing; (3) use of thoroughly good text-books, like Byerly's ChauTenet; (4) 
emphasis of logic side ; (5) generalization and summing up of truths proyed, etc. 

126. (a) No geometry taught excepting descriptive geometry. Students con- 
struct their own models, {b) Original exercises in almost daily use. (c) Yes. 
Demonstration of theorems without letters or figures. 

127. (a) We have a set of "geometrioal solids,^ which we use on occasion. 
(b) Such exercises are often required, and they are yaluable — ^increasing the 
interest and testing the student's knowledge. 

128. (a) Not largely, but so far as the students seem to need them, (ft) Very 
largely and with good success, (o) A clean-cut, accurate statement, whether 
verbatim or not. Teacher to make sure of actual x^astery of principles— no 
memory work ; much use of original exercises. 

129. (a) So far as is necessary for the pupil to get a clear conoeption of the 
geometrical concept, (b) In the preparatory course for admission to Fresh- 
man class, limited. In Freshman used to large extent, (o) Yes. 

130. (a) Models of solids are used in solid geometry, (b) A, good deal of use 
is made of them. Success good with best students, (e) No. More time should 
be given to leading the student to discover theorems for himself. 

131. (a) Not very much, (b) As much as possible and with gratifying results, 
(o) No. More original exercises. 

132. (a) Geometry is finished before entrance, except descriptive geometry, in 
which we use no models. 

133. (a) To a limited extent with sphere and regular polyhedrons. (6) The 
original work in Wentworth's Geometry, with fair success, (o) Yes. 

134. (a) Ip solid geometry, (b) Exercises and eonstruetions on each book, 
and with good success, (o) No. Something like Wentworth's system of dem- 
onstrating propositiona. 

136. (a) None except sphere and cone, (b) At least one original exercise is 
given as a part of each lesson. Great success, (o) No. Students should be 
taught to master new processes or methods of proof rather than individual 
theorems; so oome to look on theorems and proofs as illustrations of processes, 
or methods of investigation. 

136. (a) Not at all. (() Very little, in obligatory raathematios; and in reg- 
ular course there is hardly any pure geometry ; but when there is any, such 
exercises are helpful, (c) Only in elementary work, and even in that the at- 
tendant dangers are great. 

137. (a) To a slight extent only. (6) Limited extent, but with good snccess. 
(o) Yes. 

138. (a) To a limited extent. (6) Thoy are much used and with good results, 
(o) No. 

139. (a) Very slight, (b) About fifty original exercises are given and are 
well done, (c) Yes. • 

140. (a) Slightly, (b) Considerably, with success, (c) No. 
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(a) To what extent are modeU used in geomeirg t (6) To what extent and with what aueceea 
original exercises t (c) Do you favor memorizing verbatim the theorems (not the demon- 
gtrations) in geometry f What reforms are needed in teaching the »am«f— Continued. 

141. (a) Small, (b) Considerable extent and with commendable success. 
(0) Yes. 

142. (5) With good success, as a rule, (o) Yes. 

143. (a) Our models are such as we make ourselves. We illustrate, so far as 
possible, in solid and descriptive geometry, (b) All that I can have time for 
and can get the students to solve ; great success with the few, little with the 
mass, (c) No ; but I require a clear statement in somebody's words. More origi- 
nal work should be given ; the student should be taught to depend upon him- 
self more, and less upon book or teacher, to think, to originate, not memorize, 
not absorb. 

144. (a) Not at all, except for young pupils. (6) Daily use and with good 
success, (o) Yes. Young pupils should be drilled in practical exercises, with 
Qse of ip.struments. 

145. (a) Have been used but little. (() Constantly and successfully, (c) No. 
An earlier start, with main attention, at first, to training observation. Greater 
freedom from formalism, 

146. (a) Whenever possible, (b) Limited, (o) Yes. 

147. (a) I make considerable use of models, especially in solid geometry, (b) 
Original exercises are required at a few places (two or three lessons). Good 
BQCcess. (o) Yes ; ,yet I do not insist on keeping every word, provided the sense 
Ib kept. 

148. (a) We do not use models, (b) We lay great stress on original exercises. 
When properly selected they are of the utmost service, (c) No. A clearer com- 
prehension of the definitions ; a more frequent enumeration of facts already 
proved ; a more explicit enumeration of facts to be established in demonstrating 
any particular theorem. 

149. (a) In a very limited degree, (b) For the past few years I have used 
them freely with gratifying success, (o) No. 

150. (a) To a limited extent, (c) No. 

151. (h) The study of geometry would fall far short of it« object if original 
work were not required. I devote one recitation hour each week to it, and I 
mn. pleased with the results. I judge of the mental development by the orig- 
inal work done by pupils, (c) Yes. The facts of geometry must come first, 
oonorete object lessons ; can't reason about that concerning which we know 
little or nothing. 

152. (a) But little, except in descriptive geometry. (5) Much time is given 
to solution of problems, both from text-book and from other sources, (o) Yes. 

153. (a) Largely, especially in solid geometry, (b) Continually and copiously 
and with great success, (c) No. The rejection of the words ** direction" and 
'* distance*^ from elementary geometry, 

154. (a) Largely, especially in conic sections and descriptive geometry. (() 
Weekly exercises and with very satisfactory results, (c) No. 

155. (a) To a limited extent. I expect to use models to a greater extent In 
the future, (b) Original exercises are greatly used. I value them very highly, 
and I am much pleased with the results I have obtained by using them in all 
By classes, (c) I do not. 

156. (a) Noncused. (b) Special prominence is given to the use of original ex- 
ercises, with encouraging success, (c) Yes. Originality should be encouraged. 

157. (a) They are used to a very limited extent, simply because the college 
is not supplied with them. (6) Frequent exercises are given with quite good 
success, (c) I do not ; I think that a student should be required always to ex- 
press his thoughts in his own language, if for no oUv^t xwJAViMXXi'Ka.N.^ ^^qjqLvl^ 
iaeilifyia expreesioB, 
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(4) To icAnf acteni are modeU med in geometrs f (!>) To mhat exitnt and 11 il'i lehal «t(«MH 
original exercUat (c) Da yoa favor maaurlMag va-batim tk< thtorema {not thedemoit- 
ttralhni) in gtomelnjT What refornu are needed in leaching lie same?— Continued. 

158. (a) To only HBinall extent, (h) Lnrgely given, and, I think, with great 
BCCceHB in promotmg iiitetlcctiial jiiuck and tiiorauglincss of aUainmont. (d) 
Yea; and also to learn to slate them itt one's own worils. Subject too large for 
space. I will eay, however, that the schools shanld give more exercises for 
solution, and traia tlie boys from the beginning in original Bolutiou. 

159. (a) Models are used iu couii seotions aud for surfaces of revolntion in 
analytic geonietr; of three dimensions. (A) Bpeoial attcntioa given to original 
exercises. A taste for such work Is easily developed in every lover of matbe- 
maticB. (c) No; would prefec that the studeat thoroughly nnderstaiid the 
timth to be demonstrated and expresa same in hia own language. 

160. (a) Very extenaivolj, especially ia solid geometry. (6) Largely, and 
with decided aaoccss. (0) Yea. I would have it mtule more practical. 

161. (a) None. (Ei) Original oxerciaes are frequent and attended with encour- 
aging success. (0) I do. Demonstistions should bo less verbose, and expressed 
to a greater extent by algebraic syoibols. 

162. (ii) Considerably, (b) With almost every lesson, and with much success, 
(e) To some extent. 

I. (b) WedevoteBomclime to themnow; 
(u) I do. Greater care that the pupil 
undorstaud the reasons for every statement. 

1G4. (a) Models used but little in first preaeutiDg the subject, (b) Original 
exercises given thronghoutthe course, with good success. (0) No. Geometry 
should be taught as algebra and arlthmetio by original work. 

165. (a) Limited. (6) Largely, witli great bqocoss. (e) Yes. 

166. (a) Wo have none, {i) On each recitation, when tbeioia time, (c) Tea. 
Less text-book aod more originality. 

167. (a) Very little. The attempt is made to lead thestadeut to form his 
maguitudos in space, and withont even a drawing, if possible, (b) To a rery 
considerable extent, especially in test-work; and with excellent suooess in 
ubont one-half the cases, (o) No; but I would insist ou concise and acoarat« 
statement. (1) Less bondage to text^book. (2) Eucouraging original demon- 
strations. (3) Clearer distinotion between leading steps of proof and details. 

16d. (a) Only slightly, because we are not able to afford them. (A) They are 
nsed as much as time will permit, and with good sncccss. (c) No. Less time 
given to theorem -demonatratiou and more to original exercises, with the proper 
change in textbooks. 
A tlanmtary geomttry prteedfd or aooompaund iy drawing f 

"Preceded": 21, 22, 29,49,51, 53,55,58, G2, 73, 76,82, 90,92,93, 102,103, 110, 
112, 111, 139, 147. 

" Accompanied : " 8, 10, 12, 13, 14, 20, 24, 25, 27, SS, 30, 33, 39, 41, 42, 43, 44, 48, 54, 
B8, 57, 59, 60, 61, 66, 70, 71, B4, 94, 96, 97, 99, 101, 105, 106, 132, 127, 134, 135, 137, 138, 
140, 142, 150, 153, 154, 457, 159. 104, 165, 1S6. 

" Both preceded and accompanied": 4, 9, 11, 69, B5, 97, 88, 107, 111, 119, 134, 146, 

160, 161. 

"Neither preceded nor accompanied": 1 (except eogineering students), 15, IG, 

', 19, 31, 32, 34, 35, 37,38, 45, 63. 77 (except in industrial oonrse), 81, 91, 93, 100, 108, 

109,115,116,117, 120, 125, 128, 129 (except In scientific course), 130,131, 149, 160, 155, 

U6, 167, 168. 

"Yes; either preceded or accompanied": 33,26, 133, 145, 163. 
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MATHEMATICAL TEACHINO AT THE PBESENT TIME. 



HsIctinM o/j/oar ipcciat prtparaiion/or teacMng vtailtematica, « umber o/liourt yot 
per week, and tehat other lubjecli gau leach, 

I, Teacb twenty honts per woek ; teucli do other sabjeots. _ 

3. Aboat ten jenrs before onteriiig the UnlTuraity of AlabBina, trbere I spent 
five yanrs; physics and oatrononi;. 

4. I teach twentj-Sve hoars a week, and dariof; five niontha in the year 
giTB abont Bii hours a week to special work in snrreying ; 1 toach 

5. Six and a half hours pPT daj in the entiro school, with oue-balf 
reoitfttion for e lasses at difforent times, 

6. Prom 1880 to 1836; nine boars; geology, astronomy, elocnU on. 
' 8. Two years; tbirty-QTe honra per week; book-keeping, six hoars pel 

9. t toaeb only mathemnticfl, and give five lessons of one and one-fourth bonra 
each per week. 

10. Ponr years; seventeen hoora per week; no other snbjocts sare militarr 
wiience and tactics. 

II. Five years' stndy at the Ciacinnati Observatory after gradnating from 
eoUege. At present I teach thirty recitation hoara (forty-five minatea each) a 
week. Astronomy (popular). 

12. It has been my specialty for eight years; twenty hoars per week; none. 

13. Pore matbeinatics is taagbt twenty hours per week. 

14. Teach matbematioa three and four honra per week ; my chief snbjaofc: 
chemistry, while mathematics is a eeeondary snbject here. 

15. I have taoght mathematics aince graduating &om college (1870), 
teach from eiglit to twelve hours per week. Astronomy is also in my charge. 

IG. I teach from twenty to thirty hours per week, and teaoh no other snb- 
ject. 

17. Five years; twenty hours per -week ; none. 

IB. The claases of niathematics, {except the first class, are taught by the 
professors of the regular classical ooarae. Each professor teaches only one 
claaa of mathematics. 

19. Ton to fifteen hours per week, mental science and chemistry, eto. (Profes- 
sor Gordon). Froparatiou has nearly all been made sines I began and while 
teaching; ten hours ; Latin (Professor Draper). 

SO. I teach mathematics twenty ho'urs per week. I tench no other snbjiicts. 

21. Mathematics was my specialty iit college two years; t«ach it fifteen 
hours per week, I teach no other subjects. 

33. About three hours per dlcm devoted to teaching. Teach, besides, ebom- 
istry and e location. 

S3. I teach twenty honrs per week, and also military science and tactics. J 

35. Three hours per day. I teach nothing but mathematics, ■ 

27. I teach only pure mathoniatics. m 

88. Thirty; teach no other anhject- ' 

29. Fifteen honra a week ; physics five honrsa week forsix months; astron- 
omy five hours a week for foar months ; psychology five hoars a week for three 
months. 

30. Sixteen t« twenty hours. I teaoh philosophy, astronomy, logic, moral 
philosophy, 

32, I give fifteen to twenty hours of instmotion, and tea«h several natural 
•ciences, besides some German. 

33, One year and a half ; twenty honrs; no other snlijects, 

34, Several graduate courses at Princotou College, ond private study. I 
teaoh from eleven to fifteen hours per week. Am also engaged in teaohing 
Httonom;. 
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State time of your special preparation for teaching maihematie$f number of haur» yotf Utuh 

per week, and tekat other euhjeete fou teach — Continued. 

35. Have taught and have been a stadent in the higher mathematics the past 
twenty years; fifteen hours per week ; not any. (Professor Shattuck.) Alge- 
bra, five hours per week for two terms ; geometry, same ; natural philosophy, 
physiology, botany, English, rhetoric, Latin, Greek. (Regent Peabody.) 

37. One year ; twelve hours per week, besides teaching some in preparatory 
department. 

3d. I teach matiiematics and astronomy about twenty hours per week ; no 
other subjects. 

39. Fifteen hours ; no other subjects. 

40. Teach about twenty hours per week. I teach regularly no other subject, 
and only the mathematics in the college department. 

41. I spend from one to two hours per lesson on mathematical works, directly 
or remotely connected with the recitation. I teach twenty hours per week 
and only mathematics, 

43. Teach twenty hours per week; teach no other subject except astronomy. 

44. Eighteen hours per week ; history and vocal music. 

45. Everything x>ertaining to or suggested by the lesson is prepared. AU 
lessons are five hours per week with one exception ; geometry has four. 

46. I teach mathematics and astronomy fifteen hours per week ; assistant 
teaches mathematics fifteen hours per week also. 

47. After graduating at Madison, spent four years in post-graduate study at 
Yale ; fifteen to twenty hours ; astronomy and political economy. 

50. We have four teachers of mathematics, who spend about fifteen hours 
» week in their classes. 

51. Am at it nearly all my time that can be secured from other work ; first 
term, fifteen hours ; second term, twenty hours. 

52. Thirty hours per week ; political economy. 

53. All afternoon for preparation ; twenty-five a week ; none. 

55. Have taught it for eighteen years, six years exclusively. Teaoh mathe- 
matics twenty hours per week ; teach nothing else. 

56. I took the two years' collegiate course required and took the poet-gradu- 
ate course, spending three months on special work in mathematics; fifteen 
hours ; natural science. 

57. Some class almost every hour in the day, averaging, perhaps, twenty-five 
hours per week. 

58. Scarcely any two terms the same. 

59. About three-fifths *of my time is given to mathematics and about two* 
fifths to Latin and Greek. 

60. Three years; twenty hours; political science, astronomy, and Overman. 

61. Fifteen hours per week ; mental philosophy and logic. 

62. I teach mathematics fifteen hours per week and have some classes in Latin. 
My preparation is done each night before the work of the following day. 

63. Six to ten hours ; eighteen hours ; Latin, physiology, physical geography, 
English literature. 

64. One hour daily ; twelve hours per week ; astronomy, natural philosophy, 
chemistry, geology, mineralogy, drawing. 

65. Four years at college, one in private work, and two at Johns Hopkins 
University. Twenty-four hours per week. Nothing else. 

66. Four hours per week. 

70. Mathematical course at Yale College together with four years subsequent 
study. Political economy and English literature. 

71. Since completing the course in this college, three years ago^ I have spent 
in private study a considerable portion of my time; five to ten hours per 
week; rhetono and drawing. 
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B fine of your ipeciai prtparalion for leacMng aatktmailei, nunbtr ef houri nau leoch 
per v>nk, unci vhat otktr tubjtct* gen (eoeA — Cuntlnued. 
^■!. Ei^bt, six, or four honn per week, aocording to term, wfaetber it Iiu fall, 
winter, or spring. Lpctore on art. 

73. The only special prepiiration I employ is the light reading of new toit- 
Looka wbich come to hand. For orer twenty years have liad no difflcoUieg in 
mttheinatioal instmction. I also teach, as occaaion oftlls, tnelnphysice, morals, 
political economy, history, literature, etc. 

74. Tcaob on an aTcragn twelve honrs pet week. 

76. Three years; about fifteen hours per week ; phyelcs uid meteorology. 

77. I teach twenty-Jlre boars per veek, firs boars of which hie devoted to 
indiutrial drawing. 

80. Throe years in which I did the four years' work in college matbomftticH, 
required and eleotive, together witb ontelde special work in same suliject. I 
teaob five or six closies per day In mathematics. I have OD)y ftstronomy, be- 
sides mathematics. 

82. Harvard Colle(^, A. B., with eleotives in matheuiatic*. 

65. A font-ycaiB' coarse in both State Normal school and college ; no other 
■nbject. 

86. I teach mathematics abont five to nine boors weekly, oatronomy three to 
fifteen hoor^ weekly ; and, thU tern, am teaching algebra. In addition, I have 
certain duties connected with the obeervatoiy, and a requirement of the founder 
of my profeBBorsbip, tib, 1 have to coatribate to the adTsiteement of astronom- 
ical scieuce. 

ST. Two gentlemen here are oocnpied in teAcblog mathematics, exolnaive of 
analytical mechanics and civil engln«ering; occnpicd in claaa-room eighteen or 
twenty boara. 

89. Five hours per week and five honn for assistant; mining, smreying, me- 
chanic s. 

90. Two years ; twenty-two and one-half hours ; no other subjects. 

91. Several hoars each day ; twenty honrs per week. (I only teach t be higher 
branches. ) My assistant teaches all up to and including ooatytie geometry, 
moral science, etc. 

92. The mathematica of an ordinary college conrse and two summer voca- 
tions' study with the late Dr. Edward Olney, of Mioblgan UniTCTBlty ; thirteen 
and one-tbird hours per week ; physics and astronomy. 

9J. Two years (1ST1~73) of post-graduate work, and fifteen years since as 
specialist ; teach abont seventeen honw per week ; part of the work done by 
an assistant ; astronomy. 

94. Twelve and one-half honrs; political economy. 

95. I have oalcnlns four times per week, mechanics six timea, and thermo- 
dynamics (Clanaiaj)) three times. 

97. Twoyeats'priTatestady, threeyears'ttudyiuEarope; fifteen or tsventy; 

93. Five hours' elus-work per week for five years, full conrse. 
D9. Ten per week. 

101. Eigbteeu hours per week; physics. 

103. Preparation, four years' course at the United States Military Academy ; 
average time, ten hours per week ; ftrts and science of war and tactics. 

104. Forty-nine years; fifteen hours per week ; do other subject. 

105. The professor of mathenatics baa not had special training, but has 
ipeciai aptitnde in thin direction. Has osnally taught chemistry. 

106. My teaching is limited to mathematics ; fifteen hoars per week. 

107. Fourj'ears at Dartmouth College, and two jears at the Thayer School 
of Civil Eogiosering ; abont ten boars per week ; mechanics, aMtonomy, mfr 
teoro]o£f, aarrejiog. 
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i(e time of your sitcciat preparation for Uaching malJieir.atici, number o/hourt you leaei 
per HKck, and leliat other subjtcla jou tciioA— Continued, 
108. Twenty liours per waek; no otber suliject. 

lOO, GrndQBted Ph. B. at the UniveMtt; of North Caroiina, and spent one 
yaar stndyiitg maChematiu^ at the Johns Hopkins Unireisity ; eight bonrt per 
Teek ; English fuar hours. 
110. Time of ttuicliiug vaTicsfrom oiglit«eii to twenty one horns per week. 
11£. Teaching hoars, lixtoDQ per neck; 1 tGaoli no other snbjucta. 

113. Ocnerally prepnco in one-hnlf honi; teach two hours; Latin and Greek 
one hoar each. 

114. Five years ; fourteen honrs per week ; no other sahjeota. 

115. OnrpTofeesorB tcaolthnt one eubjeat. 

IIG. My college course, sapplemcuted by three years' stndy in Oermsny ; I 
teach t«u hours per wetk; no other subject. 

117. Have been teaching mathoniatlcs and ucieace for fifteen years. At pnu- 
mt mottt is done hero by onr in str actor. 

119. From ten to sixteen hoois per week ; I teach notbiag bnt roatbematios. 

120. 1 devote eighteen hoora pemeek to t«ac1iiug; I do not instract in any 
other snbject. 

121. Mathematics and physics, also lectures on general astronomy and some 
on physical geography. 

123. Average eighteen ; none. 

124. Graduate of the University of Virginia, with degrees of bachelor of 
Bcionco, civil engineer, mining engineer; two years a student of maibematicsin 
Cambridge UniverBity, England, and fuurteen monthsat Oottingon, Germany ; 
eeventeen hoars i>or week (math em a tics and astronomy). Assistant Prof. C. E. 
Kilbonmo, grodaate of United Slates Military Academy, teaches ten honn per 
week, and Assistant Prof. 0. W. McCoard (Bethany Collego, W. Va.) teaches 
eighteen hours per week. 

125. One and ouo-half years in university, besides work done privately. 
Mathematics, ttrolve hours pec week; two hours in civil engineering aod 
astronomy. 

127. I teach mathematics from fifteen to twenty honrs per week, and French 
from live to ton hoars. 

138. Aside from regular college and private work, a year's partial work at 
Harvard. Teach fifteea hoars a weak. No other suhjeot, except Bible, one 
hour a week, 

129. From tea to Sfteen hoars ; astronomy, survey in g, and bridge constrao- 

130. Font years, seventeen to eighteen honrs ; aatronomy and elementary- 
mechanics are included in the seventeen or eighteen honrs. 

131. Post-gradaate studest two years at MaasachusottH Agricultural College 
and Johns Hopkins University. Teach twelve to sixteen hours per week. 
Astronomy also. 

133. Nospeeial training aaido from aregiilar college course and privateetady; 
ten hours ; mechanics, physics, astronomy. 
131. Teach three hours each day ; snrvoyingand mechanics. 
13o. Oneyoar, aftergradnationfrom college ; eleven hours per week; astron- 

13ii. Qradnated with honors at Oirton College, Cambridge, 18S0 ; four yean' 
■abseqneot residence and attendanoe at Professor Cayley's lootures; ten oi 
eleven honrs per week ; no other sobject. 

139. Amonnt of time occupied in teaching is regularly eighteen honrs, often 
increased by extra work. I teach no other subject. 

140. Prof. Isaac Sbarplesi, L. B. (Harvard); seven hours; none, Prof.Frwik 
Morlef, A. M. and eighth wrangler of Cambridge-, fourteeo hoars; noaa, ^M 
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BlnU time of your ipedai preparation for taaohing matliematiBi, number of hourt ym leac\ 
per meek, and icAat other eubjecU you ieoei— Contiifneil. 

142. Canal college conrao ; twelve honre per week ; Latin. 

143. A college conrse luid all the mathematics, both tegnlnr nn<I extra, I could 
eniwd iuto it. I teach now thirteen t^i fifteen hours per voek. No other buLi- 
jeot. 

144. Algebra, fl?e times; geometry, five; trigonometry, three; analytical 
geometry, three ; calculna, three ; analytical mechanics, three ; trigoaoiuetry 
and snrveying by an assistant. 

145. Five years ; thirteen honra per Xfeelc; no other subject. 

147. I have never taken a rpeciat coarse iu mathematics, \tut have studied 
ndvuQced works to Home extent. 1 loach mathematicafoaT bonis a day. I have 
in charge voual icuslo, nhicb takes forty minntos a day. 

148. 1 teach (personally) twenty to thirty hoars a week. AboQt oooTonrth 
of Ibis time isoccapied with mathematics, the other three-foarths with mechan- 
ics and civil eaginoeriiig. 

149. I teach no other subjects. I teach twenty lioars per week. 

150. Tweaty-five hours per week ; none. 

151. No special preparation ; twenty hours perweek. I teach no other stud- 
lea. 

153. I devoted twelve years to my spooiftl preparation for teaching mathe- 
matics. 

154. I am 9 stndent of mathematics ; havo charge of the department, but 
only teach the higher ctassea. 

155. I first took a coUege course in mathematics. After this I spent several 
years in post-^adnate work. I leach eighteen hours per week, and I teach no 
other snbjecta. 

156. Abont seventeen hoars per week; no other anbjcct. 

157. I have » conrse in civil engineering. I also have charge of a commercial 

158. Number of honrs given above one and a half at thirteen per week. Bat 
this does not include ofBce hours of myself and assistant for iDoetiag stadents 
and giving explanation. My assistant does not teach, but simply keeps office 
hours for consnltationand solation and explanation of Jifllculbios In lectures or 
assiitned work. 1 will add that the under- graduate course iu pare mathematics 
is the most extensive and thorough one given in any nnlversityin the United 
States, 

1.^9. With assistant, twenty-fonilionTfl per week; modern langnages (French 
and German). 

IGO, Twenty hours per week; civil engineering. 

161. I teach mathematics fonr hoars each day, and also teach physics and 
chemistry. 

163. Sixteen hours per week; eighteen boars; Frouch, Latin, history, 

1G4. About twenty-five hours per week. 

166. We give each class one boar eaeh day. Any subject in the oonrse, 

165, Twenty years' experience in the mathematical class-room ; about ten 
boors per week iu mathematics, and five hours per week in physios. 

168. The number of hours of leaching varies from five to twenty por we«k> 
CoUogc oonrse sod then thne yeara at Yale; physics And uttuaomy. 
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{h) Normal Schools. 





Kame of inatitntioiL 


Location. 


Name of person 
reporung. 


Title or position of pe^ 
son reporting. 


109 


State Kormal School 


JaoksonTille, Ala . . . 


C.B. Gibson 


President 


ITO 


Stato Konnal School 


Florencei Ala 


J. K. Powers 


Do. 


171 


Normal School.... 


TnakegeeiAla 

Pine Bloft; Ark 


Maria A. Benson . . 


Tnafra Ator in mathematira. 


172 


Branch Normal School of 


J.C.Corbiii..— ... 


PrincipaL 




theArkansaa Industrial 




. 






UniToraity. 








173 


Stata Normal School 


San Joa6,Cal 


B.S.Holway 


Teacher in normal schooL 


17i 


State Normal School 


Madison, Dak 


William F.Gorrie. 


President. 


175 


'Washington Normal 


Washington,D.C... 


B.S. Atkinson.... 


PrindpaL 


• 


SchooL 








176 


Sonthem Illinois Normal 
TTnireraity. 


Carhonda]n,IIl 


G.T. Buchanan... 


Teacher of m«thematios. 


177 


TriState Normal Golleg;e . 
State Normal School 


Aneola. Ind......... 


L.M. Sniff 


President. 


178 


"• •■fc>'»"^ ««•»«•. ■■■*■■ • 
Terre Hante, Ind . . . 


Nathan Newby... 


Professor of mathematics. 


179 


State Normal School 


Cedar Falls, Iowa. .. 


D.B. Wright 


Do. 


180 


State Normal School 


Emporia, Kans 


M.A.Baaey 


Do. 


181 


State Normal School 


Oorham,Ke 


W.J.Corthett.... 


Principal. 


182 


State Normal School 


Baltimore, Md 


George L. Smith . . 


Professor of mathematics. 


183 


State Normal School 


Westfield, Mass 


J. C. Greenongh .. 


Principal. 


184 


State Normal School 


Worcester, Mass 


E.H.Buasell 


Do. 


M 


loka Normal Institate 


Iaka,MiS8 


B.L. Sherwood ... 


Professor of natural sci- 






ence and mathematics. 


186 


State Normal School 


Warrensborg, Mo . . . 


George H. Howe . . 


Professor of mathematics. 


187 


North-western Normal 


Stanberry.Mo 


A. Moore 


PrincipaL 




SohooL 




IHH 


State Normal School 


KirksTille,Mo 


J.LNelson 


Professor of mathematics. 


189 


Fremont Normal School .. 


Fremont, Nebr 


W.H. Clemmons.. 


President. 


190 


Normal College of New 
York. 


New York, N.T.... 


J.AGUbt 


Professor of mathematioa 
and phjrtiaa. 


191 


State Normal and Train- 
ing SohooL 


Oexieflee,N.Y 


B.A.Waterbary.. 


Professor of higher math- 
•matioa and methods in 
adthmetio. 


slM 


Slate Konnal and Train- 
ing S<)hooL 


CortUnd,N.Y 


D.E. Smith 


Professor of mathematics. 


193 


State Normal School 


Oswego, N.Y 


W.G.Bappleya... 


Teacher of mathematics. 


194 


State Normal and Train- 
ing SchooL 


NewPalt«,N.Y.... 


F.S.Capen 


PrincipaL 


195 


SUte Normal School 


Albany, N.Y 


E.P.Waterbury.. 


Do. 


196 


SUte Normal School 


Boflalo.N.Y 


J.M.Cassedy 


Do. 


197 


State Colored Normal 
SchooL 


Plymouth, N.C 


H. C.Crosby 


Do. 


198 


Normal Training School . . 


Cleveland, Ohio 


Ellen E.R6Teley.. 


Do. 


199 


North-western Normal 
and Collegiate Institate. 


Wanseon, Ohio 


J.H.Diebel 


Instructor in mathematics. 


200 


State Normal School 


Ashland, Oregon .... 


J. S. Sweet 


President. 


201 


Drain Academy and State 
Normal. 


Drain, Oregon 


W.O.Hawley 


Do. 


202 


State Normal School 


Bloomsbarg, Pa 


G.E.Wilbur 


Professor of higher mathe- 
matics and history. 


203 


State Normal School 


Clarion, Pa 


J. H. Apple 

G.W. Fetter 


Professor of mathematicff. 


204 


Philadelphia Normal 


Philadelphia, Pa ... . 


PrincipaL 




SchooL 








Jff5/ CamberlMnd Valley Suto 


Shlppansburg, Pa . . . 


E.H.Bnghee 


Teacher of mathemadof. 


/ 


Nenud SchooL j 




I 
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(ft) NoitUAL BcitooLS— Continned. 



8UW Noniisl Schnol 

Central SUM Norm*] 

Blctunaod tformal SeliMl. 

Stale VoRiAl School 

SUM Kormal Sahoal 

StftM N'ortnal School 

StaM IIorm*l School 

GtaU Ifonual Sobool 



LociBmvta.F*... 

Rlchmoml. Ta — ... 
FUrmaot. W.Vt... 

PurmviUo. T». 

JohnKiii,Y( 

0«hka*h,WU 

EiTec Fills, Wi*.. 



Suae of jifno 
rsportlug. 



C.A.81pa 

CBlHtlaS.ruriih. 
A.H.CunplMlI.. 
S.F.^ebner.... 



] 
I 



mberof Aohm jwu 



BlaU tini) of your ipeeial pr^aradon Jot ttaehin^ mathnniiffra. nt 
UoaK per meek, and v:hat olAw «uf>jiM(» yoti (eatli. 

169. Font yeara ; twenty honra; pLysici, ohemiatry, and utrottom;. 

170. Two yeaw ; ten hours ; no other Bubjeot. 

171. Twenty lionrs ; reading. 
173. I peraonallf I«ach, at preeentr oncclaweaoliin algebra, oritbisetio, 

geometry, for Btb days in the week, one in natural phiiosopby 

173, Twenty Uonis; no other sulyect, 

174. Algebra flvs honra; geometry, Latw, loology, kutory of edacation. 

176. Eegnlar conrse in nniveraity ; twenty.five Lours; no otberatibjeot* 

177. Twenty hoars ; no other suhjeot. 
17B. Twenty Lonra; no other subject. 
ISO. Twenty years ; twenty-four honrs; no other subject. 
182. Drawing and physics. 
18^. The teacher of mathematics baa ten boars ; physiology. 

185. Two yean; six hoon; natural sciooue, hisU>ry, rhetoric, ftnd hook- 
keeping. 

186. Six classes per day. forty miantM each, five dsya per troek ; no othoi 

BUbject. 

18d. Five honriperda;; Aationomy one hour per daf. 
169. Fifteen hooiB. 

190. Twelve honra ; chemistry, pb^ios. 

191. Have taught malheniatios Almost oiclusiTely fur seventeen yean, and 
principuUy for twenty-Gve years; thirty hours. 

193. Election of all matbeuiatics I ooiild get in college coarse ; eightet 
three- fourths bouts ; class on sobool l>«. 
193. Graduate of Cornell; twenty- Sva hours; none. 

195. Two years; twenty hours ; none. 

196. Mathematical course at Dartmoath ; Qfteen boms; astronomy. 
l:^. Ton honrs ; physiology, history, moral soienco, and English literal 

198, Teachers of mathematics not specialists. 

199, Six boars pet day ; no othersulijeot. 

500. Twelve hours ; book-keeping, phlloMphy, psjohology, vt of school 
management. 

501. Seven hours per week. 
2(6. Four years ; twenty-five periods, forty-five minntM «acfa, per 

oivil government. 
203, Classical college course ; twenty-five hoars ; no other snbjoot, 
2(M. Theory aud prictioo of tiiiicbing andsohuol governuient- 
206. T»ent;-two hours; no other subj est. 
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352 TEACmNG AND HISTOBY OF MATHEMATICS. 

State time of your special preparation for teaching fnaihematice, number of kcure you 
teach per. week f and what other euhjects you teach — Continued. 

206. Graduate of both elementary and scientifio courses of MlUersv ille State 
Normal School, Pennsylvania ; have taught for twenty years scarcely anything 
bat mathematics in three of the normal schools in Pennsylvania. Am author 
of Numbers Symbolized, an elementary algebra, and have in press Nomben 
Universalized ; thirty hours. 

207. Twenty hours ; Latin. 

208. Algebra, three hours ; physics, physical geography, rhetoric, Latin, eto. 

210. Private study at intervals for four years; twenty-five hours; no other 
subject. 

211. Usual course in academy, normal school, and college. 

212. None, except that spent in my regular course in the normal school ; fif« 
teen hours ; no other branches. 

Are studenta entering your institution tliorough in the mathematics required for admissUmt 

Of the forty-five reports received from normal schools three or four give no reply to 
this ; all others answer no, excepting the institutions numbered 175^ "generally so;" 
176, "reasonably so ;" 180, "fairly so;'' 190 and 194, "yes." 

What are the requirements in mathematics for admission T 

Number 169 reports, arithmetic and elementary algebra ; 190, arithmetic and a little 
geometry ; all others require ,only arithmetic, generally not the whole of it, but 
through fractions and the simpler cases of percentage. Number 197 says, " funda- 
mental rules of arithmetic; " 204 says, "fractions and percentage." A few institu- 
tions admit all who apply, without examination in mathematics. 

Is tJie metric system taught f 

All answered in the affirmative, excepting those bearing the numbers 171, 185, 190, 

208. 

Which is taught flrsij algebra or geometry t 

All answered " algebra, '' excepting numbers 181, 183, 190, 210, 211. 
Numbers 181, 183, 210 take up geometry first. 
Numbers 190, 211 teach both together. 

How far do you proceed in the one before taking up the other t 

The following carry students first through a full course of elemeniuy algebra: 
169, 170, 174, 180, 184, 185, 189, 201, 206, 208, 209. 

The following, through quadratics : 173, 178, 197. 

The following, to radicals : 193, 196, 212. 

The following, to quadratics : 192. 195, 200, 204. 

The following, through fractions: 188,207. 

Institution 181 finishes plane geometry before taking up algebra ; 183 gives one 
term of geometry before algebra; 210 observes the following order: (1) A course in 
form ; (2) Rudiments of algebra ; (3) Simple geometric theorems and constructions; 
(4) More difficult algebra ; (5) More difficult geometry. 

Are percentage and its applications taught before the rudiments of algebra or after f 

All wh^ answered said " before, " except the following— 192, 194, 210, that said 
" after ,'' though some of the simplest parts of percentage were taught before; 184 
and *J06 said that both were taught together. 

The mathematical course in the normal schools generally embraces a somewhat thor- 
ough study of arithmetic, the study of algebra and geometry, and usually a little 
trigonometry. 
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(o) AcAPExus, iNSTiTDTBs, AXD Uiaa Schdols. ^ 



¥ 







LoMCIon. 


Kline of petBOd 
roportiog. 


Title ocpoaltlon of i«. 
•on reporting 




Toroir* loititnte fur JJojn 

PobUoHigkSebool 

UolT«PiitjHighS«hool.. 
Alarlanna Inilitnts 


M bl Al 


ATomll 


Prinelpal. 
Principle. 

PtinetpaL 

Teaclier of malhematioa, 

Headoldepsrtiuentor 

mitbematica, 
TraoberoftnalbematioB. 

and^denee. 
PriDdpaL J 

Aulet-int bigli aehsd 


JIS 

117 


Birmingham, Ala.. - 

Taefflilooaa. Ala 

MariHioB.Aik 

Jlogeni,Art.„ 

8»nMai™,C.l 

San Flandaco.Cal.. 

Lo. Ansel M.C1I.... 
SanFraoeiaco.Cal.. 

Oakland. C-al 

Colo. 

SUmford,Conii 

Snffleld.Conn 

Kew Britain, Omin.. 
8iooiF»U.,D«k.... 

Waililngtflti.D.C--. 


J.H.rbmipa 

W.H.VoniBC 

P.A.Fntr»a 

J.W.Sotogg. 

Gen.C.Ediiarda.. 
H.D. Robinson... 
W.N.Bnih 

F.A.Daub«ia.... 
Fidelia Jo-oM.... 

S.A.C6«ml»r.... 
Harriet Wlnfleid . 

H-ltKina 

lf.B. Smith 

John H. Peek 

AnnaHmorwii ... 

C!i»rlott«SmiUi.. 
H.L.IIodekini... 

C.B. Little 

CH-Wlthrow.... 

LW.Allen 

W.n.Eony 

CLWeatroM 

G.F.Wellei 

a.K.Knepper.... 


219 
120 

»! 

123 


HopkisB Academy 

SLMattbBw'aUall 

Boy.- HlRh School 

GlTli' HlEh »cbool 

Oakland HiEk Scbool 






IB 
229 


adtntloD. 

Pobiio HiKh School 

Sloni Fall. Hlgb School-. 

WaahlngtonHlEbSobool. 

(laratorr Baboo!. 


w 

in 

m 

M 
US 

Ml 
•tt 

an 

Hi 

M 

MB 

MT 
MS 

JW 

IN 


Sparta, Ga 

Ajigiuta.Ga 

CblcaeOiDl — 

HydoParfclU 


PcindpaL 

Do. ^ 


Academy of Blaknond 
County. 


PobUo Hlgb School 

Karth DlTl.ion Hlgk 

Bohool, 
We.t DlTi«ioii Ht«h 

Sokool. 


PrtnoipaL 
Do. 

Do. 

Do. 

Do. 1 




Jollot High School 

SoDtb DlTliion Higb 

BohooL 
Jonnlagi Seminary 


*■ 


' ni 


Anrorspiu 


J-.B.Adami 

J.W.Haye 

C.N,H<™e 

Ch>rteTL.LaBB.. 

T.H.Dnaa 

W.W.Grant 


Soienoe and higher inath». 

maUea. 
SnperlDtendent oC lohooli. 
PrineipaL 

Do. 1 

aehook. 
PrinoipaL 


Boanoka Claialcal Semi- 
nary. 

Csotral Gnmmar High 
SchooU 

PnhUoHlghSobool 

Union HiBbSobool 

BoboolforBoya. 

Sohaol for QlrU. 
New Hops Female Aoad- 
emy. 


Eoanol»,Ina 

Fort Wayne, Ina... 

CnwfordiviUe, Ind . 

lndi»napolU.Ina... 
Woetfleld.Ina 

OikLodge,Cho<>tew 
N»llon.Ind.T. 


T.L.SeiraU 

T.L.SewaU,Mary 

W. Bewail, 
A-GilaiUi 


Do. 

FrinclpaU. 
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(o) Academies, iNsnruTBS, and High ScHOOL8-<7ontinaed. 



Name of inctitation. 



251 
252 
253 
254 
255 
256 
257 
258 
259 
260 

26t 

262 
263 
264 
265 

266 
267 
268 

269 

270 
271 
272 

273 

274 

275 
276 

277 
278 

279 

280 
281 
282 
283 
284 
285 
286 
287 
288 
289 
290 
291 
292 



HighSchooL 

HighSchooL 

Iowa City A cademy. . . . 

High School 

High School 

High School 

High School 

High School 

New Orleans Seminary 
Girls' High School 



Madawaska Training 

SchooL 
Franklin Fomalo College . 

High School 

High School 

Fryehorg Academy 

High School 

McDonogh School 

Washington County Hale 

High SchooL 
CentreTille Academy and 

High SchooL 

Friends' Academy 

HaverhillTraining School 
Mount Hennon School . . . . 



Cashing Academy. 



Prospect High School. 



High School . 
Eaton School 



Powder Point School 

Admiral Sir Isaac Coffin's 
Lancastrian School. 

Wheaton Female Semi- 
nary. 

Lawrence Academy 

Smith Academy 

Partridge Academy 

High School 

High School 

Hanorer Academy 

Lynn High School 

Bristol Academy 

High School 

Nichols Academy 

High School 

High School 

S a w i n Academy and 
Dawse High SchooL 



LooaUon. 



DaTenport, Iowa. . . . 
Dea Moines^ Iowa. . . 
Iowa C%. Iowa . . . . 
Burlington, Iowa . . . 
DaTenport* Iowa. . . . 

Topeka,Kant 

Ottawa, Kans 

Padncah, Ky 

Kew Orleans, La — 
...do 



Angosta, Me . 



Topsham, Me.... 

Saco,Me 

Bath, Me 

Fryeborg.Me.... 
Portland, Me .... 
McDouogh,Md.. 
Hagerstown, Md 



Centrevllle, Md. 



New Bedford, Mass. 
Haverhill, Mass . . . 
Mount Hermon, 

Mass. 
Ashbumham, Mass. 

Greenfield, Mass 

New Bedford, Mass. 
Middleborough, 
Mass. 

Dnxbury, Mass 

Nantucket, Mass . . . 



Norton, Mass. 



Falmouth, Mass . 
Hatfleld,Mass... 
Duzbury, Mass.. 
Peabody.Mass... 

Salem, Mass 

Hanover, Mass... 

Lynn, Mass 

Taunton, Mass... 
Amherst, Mass .. 
Dudley, Mass.... 
Haverhill, Mass . 
Fitchburg, Mass. 
Sherbom, 



Name of person 
reporting. 



T.B.8tratton 

J.F.Gowdy 

M.R. Tripp 

E.Poppe 

F.E.Stratton 

J. B. Williamson.. 

G.LHarvey 

A.H.Beals 

L. G.Atkinson.... 
M.C.Cu8ack 

VetalCye 

D.L. Smith 

L.M.Chadwick... 

H.£.Cole 

M.E.Bussell 

A. E. Chase 

D.C.Lyle 

G.C.Pearson ..... 

A.G.Harley 

G.B.Dodge 

C. A.Newton 

H.E. Sawyer 

F.D.Lano 

Ida F.Foster 

B.G.Hullng 

A. A. Eaton 

F. B.Knapp 

E.B.Fox 

S.L. Dawes 

S. A. Helton 

S.L. Cutler 

C.F.Jacobs 

C. A.Holbrook.... 

A. L. Goodrich 

A.P.AveriU 

William Fuller... 
William F.Palmer 
S. A. Sherman ... 

E.G.CUrk 

Clarence E.Kelley 
H.W.Kittredge.. 
W.F.Gregory,... 



Title or poaitioii of per* 
■on reporting. 



PrinolpaL 

Teacher of mathemaUoi. 

Do. 
PrincipaL 

Do. 

Do. 
Superintendent. 

Do. 
President 

Department of mathfimat 
ios. 



PrincipaL 
Assistant teacher. 
Principal. 
Assistant. 
Principal. 

PrincipaL 

PrincipaL 

Assistant taacher. 

PrincipaL 

Saperintendent. 

Instructor in mathematJos 

and German. 
Teacher of science and 

mathematics. 
PrincipaL 
Do. 

Do. 
Do. 

Teacher of mathematioi. 

PrincipaL 

Do. 

Da 

Do. 
Master. 
PrincipaL 

Teacher of mathematiot. 
Principal. 

Do. 

Do. 

Do. 

Do. 

Dew 
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(O) ACASUIiaS, IKBHTUTM, *XI> 


HiOH ScHOOLB— CoBtlQaed. ^^H 




Staa of iDitltntkiD. 


lAMllOD. 


'•zs'xr- 


Iltloarpo'liloDi/poraOD 

nipBTllUg. 


as 


Drarj High School 


5ottbAdMDi,Mu>. 


Etl»b#th H. T>1- 
oott 


First luliUnt. 


ZM 


ChHltaloirD Blgb Soliool. 


Boitoii.HHS 


J.O.MottU 

Ad«IlDoL.Bilf«i. 
lor. 


r-- ■ 


!8S 


Gldi' HlghScbool 


...do 


AHlitut Iw.hnm. ' ^^^H 








tBm(mtt»0.rMch 


T^M 




FablloLAUnScbMl 

OmbridggLuisEahoal.. 




W.F.Bnmbnry... 




207 


CBmb^IdK^lIUl■..- 




WMt Rubor; Hlgb Bobw: 


Bo<tOD,M>a 


CCMua 


PrlBdiikL. ^^H 














BIgb GcbODL 






■ 










bitnictor It. blghno^H 

wutlu. «" 1 










301 


MicbiguUUllarT Aead- 


OrohudL>k*,MliIh 


W.H.Dntl. 


Prtaoipri. 




«n,,. 
















Siip4rinl*ndeal of elly 












rp.ilnotl.Mioh, 

GnmrlRaptd^MUh 










_ „ 


rrlDOipal 
Do. 


M6 


Ulflblcu Fimftla Semi- 


iMballa Q.FroDcti 


tMI 




FKlb.ult,Minn.... 


Wm. W. ChMDp- 
llD. 


• ■ 






id 


lOT 


Fabllo BIgb Bohool 


8tClond.MiaD 


C.C.Sotimldt 




SOS 


Angiburg Samiuu-j 




Wilhelm PoHar- 


iDitroctoi. '1 ■ 


tM 


UlDiiMpollaAcidem}.... 


....do 


H.D.Halmw 


Prlaoipal. 


SIO 


PubUe Elch BtAool 


Th)kibliig,Ulu.... 


B.W. Wright..., 


SuperlntfPdf'iit of pnbllo 
uhooli. 




Smith Aiwdem;, VTuh- 


StLoui^Mo 


KR.Oir«lc 


Toioher ot mWliomtliofc 




lagleo UnlTeralty. 










SI. JoKph High School.. 


3l,JoMph.Mo 


C.8.Th»ch.T.... 




313 


LinMla High Sohool 


Llnooln.Nelir 


8.r.B«Tetl 


Pri-irlni 


111 


RobiiiKa FomilB Scml- 


Ewtor. N.H 


Q.H.Croii 


^ 


315 


SimoDdi FruHigh Schc»1 


Winnr.S.n 


B,P.B«rk«r 


■ 


IIG 


Coaooril High School.... 


Oooooril, N. H 


J.F.Kent 


^M 




Brairatcr Fr«s Aeidem;. 


Wolfborough.M.H 


E.H.Lofd 


^H 














P«nnlnglonSeDilii.r5-.... 


PonDlogton,S.J... 


J,B.H.ml™ 


TlcB.t>rMld«nL i^^| 


3W 


Hoboken AesdeoiT 


Hohpksn, If. J 


J.B«brflDk 


Pflnolpnl. ^^H 


IS 


FabUo High School 


0™(B,N.J 


W.W.Cntts 


Frlnoip.1. 


123 


NewukTMhnlMlSohool 


»«*.rk.N.J 


H.T.D«wion.... 




at 




BU1IMI0WD.N.J.... 


J,n.6hannker.. 


PrlneipiL 




•my. 








m 


StmuuHifhSohMl 


Hobokaii,If,J.»... 


F.L, 8eTeiio»k .. 


AuliUot prlncipkl and 
pcoFoiaoc or matho- 
nutlci. 


32S 


Nsvuk AMdfm; 


S.«.rk,H.J 


aA.FuT.na.... 




821 


Dearbam Mor»ii School 


Onuige,N,J 


D.A.K»nn»dj... 


Prinolptl. 




New BmnBWick High 
SobooL 


NDwBnui>wlck,M.J 
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(o) Academies, iNSTiruTES, and High Schools— Continued. 





Name of institution. 


Location. 


Name of person 
rejMrtlng. 


Title or position of person 
reporting. 


820 


Fairfield Seminary 

College Grammar School. 

Cazenovia Seminary 

Ires Seminarv ............ 


Fairfield, N.Y 

Brook]yii,N.Y 

CaaenoTia,N.Y.... 

Antwerp, N.Y 

Troy, N.Y 


J.M.Hall 


Teacher of soienoea. 


330 
831 


L. W.Hart 

A. White 


PrincipaL 

Tf>af>her of mathfimatintt 


832 


E.M. Wheeler.... 

JohnHogan 

L. B. Woodward . . 


PrincipaL 
Teacher of classiMi 


883 


St Mary's Academy 

Adams Collegiate Insti- 
tute. 
Grammar School --r>*T,-.*- 


884 


Adams,N.Y 




835 


Clinton, N,Y 

GK>nvemeur, N. Y. . . 
Schenectady, N.Y.. 
Troy.N.Y 


Isaac 0. Best 

J.F.Ferthill 

B.E.yeedor 

J.P.Wordon 

F.L.Gamage 

C.Harrison 

G.CSange 

M.T.Scndder 

M.T.Karoe8 

James Winne 

Jeannette Fine . . . 
John M. Child.... 
Fannie Webster.. 

A.Brackett 

E. T.Wilson 

W.D. Graves 
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What reforms are needed in the teaching of aHtfttReiiof— Continued. 

1^6. More thoroaghwork in elementary roles and in common and decimal 
fractiona. 

S77. Scholars are pushed ahead altogether too fiast, allowed to work slowly 
and incorrectly ; should he drilled in quick addition, etc. 

S81. More attention to accuracy, rapidity, and practical methods. 

283. It should be taught as an art rather than as a science. 

286. There should be vastly more drill in fundamental processes. 

288. Plenty of examples, more oral and "mental" worlc. 

289. More practice. It seems to me that the agitation for reducing time given 
to arithmetic is a mistake, though greater economy of effort is possible. 

294. Fewer subjects, more spee4 aud accuracy in computation. 

297. The diflSculty (especially with female teachers) is too great subMrr- 
iency to the text-book — loch of elanHcity in aoo$pUng methiode. 

300. Hire competent teachers only. 

304. More mental arithmetic. ' 

307. More mental work, greater accuracy and rapidity. Scope of the subject 
reduced. 

312. More practical work ; Judicious omission from ordinary text-book; bet- 
ter development of principles. 

314. More mental, less written work. 

317. A diminution in the number of subjects and more independent work by 
the pupiL 

322. Particular attention to thoroughness, and abundant practice on ftind*- 
mental rules and business methods, with the omission of some rules and 
methods formerly deemed essential. 

331. Keep the kep$ out of the way and analyze every problem. 

335. To return to the old custom of making the pupil do more thinking. 
There are too many helps and too much ** mince-meat." , 

338. Many. 

340. More philosophy. 

341. Return to mental arithmetic, now sadly neglected. More attention to 
analysis, less to ingenious devices. 

344. Do not permit primary teacher to ube sk figure in presence of children till 
they know everything about numbers one to ten. 

346. The uie of the Gruhe method with beginners , of denominate numbers be- 
fore abstract, the expansion of the method of analysis in solving problems 
usually assigned to proportion. 

352. A method that will shorten the time, give the pupils the essentials 
thoroaghly. This will come, I believe, only through the experiments in indus- 
trial education. 

353. More simplicity, less aiming to puzzle, less work that is wholly theo- 
retical. 

359. Brief methods of calculation should be insisted on, also independence. 

370. Le88 of it, in much leae time than is now given to it (Superintendent of 
Schools). 

382. More attention to mental arithmetic. 

386. The use of such books as Colburn's or Yenaole's Mental Arithmetic thor- 
oughly at first ; and the rejection of such methods as have recently been in- 
jected into the new Colburn's Mental Arithmetic. The public schools are 
teachiug for show. 

389. Books without answers are needed. 

392. We should not go too far in seeking to make all divisions in arithmetio 
practical. Discipline must be held in mind. 
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To wluft ettmt are modtl* turdinUatiJiins geoKutrgT 

The following reported that models weie not osed : 316, 319, 220, 23ti, 033, 339, 246, 
ass, 356, 357, 263, W6,2S7, -ZTl, »78, 93^1, 'i!i9, 300, 303, 316, 334, 352, 370, 378, 3H4, 393. 

Th* toUowing wportad " oecMiooally," "not mnoh," "very little": 317,318, 322, 
231, 233, 236, 240, 241, 243, 243, 244, 245. 251 , 255, 258, 265,269, 276, StS, 293, 294, 295,296, 
307, 30a, 31B. 324, 396, 332, 33G, 337, 338, 339, 341, 349, 350, 351, 354, 306, 358, 360,364, 366, 
367, 372, 375, 3S5, 3B7,yM.391. 

Neatly all tlte remaiuin;; reports stated that modeta vere naed, apocifjiog, in many 
OBMB, thai the; were found partloalarl; serviceable in teaohing solid and spheric^ 
geometry. 

Those leportfl nhioh atated that the madela were mode by the pnpils themaelves 
irere olawified with the group " using models." To teach plane geometry to rety 
jotmg atndente, or solid and spherical gaometry tu students of any grade, without 
tbe aid of modelfl, h a great mistake. 
To vhat eztent ami uiith tthal mtcett oHginiLl nerdnt t 

All, exc(^pt about two dozen, reported that origtnnl exercises were frequently used, 
with good BucDeM. Some said that one-sixth of the time allotted to geometry 
WH devoted to them, others said uoe-faalf of the time; bnt the large tnajority of 
those apeoifytng the relative amotiot of time given to such work answered one-foortli. 
Several reporters look occasion to say tha.t the teaching of geometry withoa* iutro- 
dnoing origioal exerciue^ was necessarily mors or less of a failure. 

It tilt metrif^ lyittm taught t 

Nearly every report showed that this is tatight, though in many sobools bnt little 
Ktentioii is given to it. We observed onljr one iuataoce in which it was '' dropped," 
kfterbaviug been tanght for some years. How long will it he before this coontry 
ViU wheel in line with the leading European nations and adopt this system to the 
CXdasion of the wretched systems now in use among us 1 
miA It taught firet, algebra ar geomttry t Bom far do poii procted i« Ihv one h^ore 

taking vp thr othtr t 
. Excepting a number less than a dozen, all anawered that algebra was tanght flrat. 
Xhe following conplsts a course in eleoientary algebra, before taking up geuoietry: 
W5, 218, 225, 22fi, 230. 235, 237, a.'W, 239, 245, 246, 247, 360, 263, 206, 267, 373, 273. 878, 283, 
IB3, 3SI, 289, 390, 292, 394, 296. 999, 301, 307. 314, 316, 319, 331 , 323, 324, :i26, 327, 32S, 3.15, 
S37, 338, 344, 345, 353, 3S4, 355, 359, 360, 369, 370, 372, 376, 377, 380, 382, 383, 385, SR, 389, 
BH. 

Thefollowing takenp geometry afterhavingcarried the student throngbquodratics: 
S14, 223, 236, 344, 353, 356, 256, 258, 363, 274, 375, 280, 290. 2i)l, 305, 397, 300. 303, 305, 306, 
311, 317, 334, 336, 339, 343, 350, 351, 356, 363, 37d, 381, 384.391, 

The following, after having carried tho atadeat to quadratics : 216, 317, 333, 250, 
»1, 257, 264, 302, 357, 367, 373, 386. 

Through radicaU: 228, 243, 262, 323. 

Throngh equations : 224,268,330. 

To simple eqnationa : 219, 231, 388, 374, 379, 

Throngh factoring : 276, 335. 

Throngh L. C. M. and G. C. D.: 220. 

To fractious : 232, 249, 249. 

To iDvolation : 239. 

Of those who take up geometry before algebra, S33 teaches Hill's Geometry lor Be< 
giDDers, 334 teaches the aimpter parts of geometr>-. 242 teaches mathematical draw. 
Ing, involving about sixty geometric problems (without demonstrations), 315 teach c! 
geometry one year. 293 observes the following order of atadies: (1) Ue^iuuiui; goome. 
try; (2) algebra; (3) geometry. 

In the two inslltntioiis, 369 and 270, algebra and geometry are taught together. Il 
ttda scheme not worth/ of more extended Uiall 
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Jre pefomtage and ifj appKcaliom taught bt/are tk« ruditnenl* of algebra ora/tert 

Nearly all replied that it was tanght "befora." 

The folIonlDg anaweied that ia their iastitution it waa tanght "after": 317, 034 
(oiitUmotio being reviewed with aid of tklgehtB), 238, 230, -^2, UC6 (reTieiT),340, 317, 
365,360. 

Ill moat, if not all thasB cues, the elemantt of perueatnge had been laagbt to the 
pupil, before he entered the institution. 

In 326 the two sobjectii are tangbt " togethar," 

Ib it not desirable to introduce tho radLments of algebra earlier than has been the 
custom in moat of our achools t 
Arepitpih permiltrd to use " an4ieer-ioohi " tN arUhmetic and algibra t 

"Yea," "yea, but not encouraged": 314, 216,217, 2IS, 219,226 (with fouDgercIimec), 
238, 230, 235, 236, 239 (In arithmetic), 243, 245, 24G, 247, 248, 249, 250, 251, 255, 357, 
260,276, S77. 281, 289, 295, 302, 328, 330, 334, 335, 337, 339, 340, 342, 344, 347, 350, 356, 357, 
359, 369 (in algebra, but not in arithmetic), 370, 371, 373, 374, 380, 361, 386, 387, 388, 
389,391, 394. 

" No " : 215, 220, aai, 222, 224, iSM (with older olaases), 230, 237, 239 (in algebra, but 
not tn arithmetic), 244, 356 (in algebra), 264, 278, 286, 287, 286, 290. 391, 293, 299, 304, 
306, 310, 314, 315, 317, 316, 321, 323, 327, 331, 338^ 343, 348, 349, 351, 360, 367, 372(ii) a]g«- 
1>ra), 375, 385, 393. 

"Some of the answers:" 214,215,221, 223, 224, 225, 228, 23a, 236, 237, 338, 239, 240, 
342,244.245. 
Are vludsn'f entering ytttr inititaiion tkoraicgk in tit malkemaliei required/or adniilio* t 

Some of the inatitutiona, eapeciall; academies aud institutes, hare no reqaire- 
meDt« for admiaaioa. In the great m^ority of reports there was a general complaint 
Ihatstndents were "not" well prepared or "by no meana" well prepared ia Ibe 
reijuisitea for adnuKsioo. 

The following answered "yes," "fairly aor" 214,220,221,223,224,227,228,235,337, 
238,245.254,366,268,203,311,322,337,352,359,390,394. 
What art the raqHiremcttti m malhemaiiBi/ar admiaiioit tv Ike JHfiiliLlioN t 

"Practical arithmetic," "common school arithmetio," waa the reply given by ono 
hundred and fonrteeu institatiotiH, 

"Cube root in arithmetic sad equatiouBof the second degree in algebra," 317. 

Arithmetic and elementary algebra : 222, 230, 273, 3S6, 303. 357. 

Thr«e books in geometry, Brook'a Algebra, and arithmetio, 268. 

Arithmetio and algebra aa far ua factoring, 370. 

To ratio and proportion in Olney's Practical Arithmetio, 394, 

Arithmetic through percentage, 360. 

Arithmetio to percentage; 2IH,306, 3S8, 370, 383. 

Throngh fractious in arithmetic : 233, 2tfi. 317. 

Fnndauental rules ia aiithnietio : ;i69, 3a6, 3S1. 





EI8T0BY OF INFINITE SERIHa.* 

The primary aim of this paper ia to consider the views od infioite 
series held by American luatbematiciaDB. But the historical treatment 
of this or iiny similar subject would be meagre iudeed were we to confine 
onr diecussiOQ to the views held by mathematicians in this oonutry. 
We might as well contemplate the growth of the English language 
withoat considering its history in Oreat Britain, or study the life-history 
of a butterfly withont tracing its metamorphic development from the 
cbrj'salis and caterpillar. A satisfactory discnasioD of infinite series 
makes it necessary that the greater part of oar space bedevot«d to the 
views held by European mathemaLicians. 

Previous to the seventeenth ceutnry infinite series hardly ever oc- 
curred in mathematics; but abont the time of Kewton they began to 
assume a central position in mathematical analysis. 

Wallis and Mercator were then employing them in the quadrature of 
[ curves. Newton made a most important and far-reaching contribution 
I to this subject by his discovery of the binomial theorem, which is en- 
graved upon his tomb in Westminster Abbey. Newton gave no dem- 
onstration of his theorem except the verification by multiplication or 
actaal root extraction. The binomial formula is a finite expression 
whenever the exponent of (a -f- &) is a positive whole number ; but it is 
a series with an infinite number of terms whenever the ^xponeut is 
negative or fractional. Newton appears to have considered his formula 
to be universally true for any values of the quantities involved, no 
matter whether the number of terms in the series be finite or infinite. 
The binomial theorem was the earliest mathematical discovery of 
Newton. Further developments on the subject of infinite series were 
brought forth by him in later woria. He made extensive use of them 
In the quadrature of curves. lu Suite series came to be looked upon as 
a sort of universal mechanism upon which all higher calculations could 
be made to depend. Special methods of computation, such as contiu- 

•Tliia artiole was roiid before tha Now Orleaus Acftdomy of Soieoces in December, 
1887, and priDt«d iu the "PiiperM" piibliahod by tli»t WMwX^.^tA-V^ii.'H- %u(ia 
' xUfiit dtaagefJisre been iatioduced here. 
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ned fractions, could easily be reduced, it was said, to the g'eneral method 
of iDfinite series. It thns appears tliat series were CQltivated by tiie 
early analysts with great zeal. They seem to bave placed perfect con- 
fidence in tlio universality of tlie inetiiod. The masa of matliematiciapB 
never dreamed tbat tiie unrestricted use of infinite series was under- 
mining mathematical rigor and opening avenues of doubt aud errsr; 
tbey had no idea that in reafiouing by means of series it was necessary 
to consider their convergency or divergen(^. To show what implicit con- 
fidence was placed in infinite series I shall quote a passage from the 
large, and in many respects excellent, history of mathematics, written 
by the celebrated Kontucia, who flourished during the latter half of the 
eighteenth century. 

In Volume III, page 272, be expresses the desirability of having a 
more rigid demonatration of the binomial formula than that given l)y 
Kewton, so that no rational being might ever entertain the faintest 
doubt of its tratfa. Among the early English mathematicians there vim 
one who did raise objections to the binomial formula, and of him Mon- 
tnclasays: "Thus wehaveseenaeertain Dr.Green, • • • although 
professor of physics at the University of Cambridge and a colleagne of 
Ootes, not only doubt it, bnt pretend that it was false and say he conid 
prove it by examples badly applied; bnt it does not appear that the En- 
glish geometers, not even Ootes, his colleague, deigned to reply to him." 
In the light of modem science, this passage rldicnliug Oreeu is^very in- 
structive. Time has turned the tables, and the laugh is no longer upon 
Green, bat upon Montucla himself. We now wonder at the reckleas- 
ness with which iufinite series were once used in mathematical reasou- 
ing. To be sure, talents of the first order, such as Newton, Leibnitz, 
Euler, Olairaut, D'Alembert, possessed too much tact and intuitive in- 
flight to permit themselves to be dragged to the dangerous eitremes 
and yawning precipices of error, toward which their own imperfect 
theory of Infinite series tended to draw them. And yet, some of them 
did not escape blnnders. The penetrating and teeming mind of Enler, 
for Instance, is said to have fallen into some glaring mistakes by the 
Incautious use of infinite series. 

Among tfce mathematicians who, above all others, made the most 
unrestricted and reckless nse of infinite series, were the Germans, 
There flourished in Germany during the latter part of the eighteenth 
century a mathematical school which occupied itself principally with 
what was termed "combinatorial analysis." This analysis was cnlti- 
TBted in Germany with siugular and perfectly national predilection. 
One of the first problems considered by them was the extension of the 
trinomial formula to polynomials, and the devising of simple rules by 
which polynomials could be developed iuto series. The solution of 
this problem was followed by the problem of "reversion of aeries." In 
this connection a quotation from Gerhardt's Geichicltte der Alathematik 
iitDeuischland (p. 205) is instructive. 
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**The advocates of the oombiniitorial analysis were of the 
I Otnoion that with the comiilete eoltitioii of this problem (of roversioo 
of series) was given also the geDcra) solution of equations. But here 
tiiey overlooked an important point — the convergency or divergency 
of ^6 series which was obtained for the value of the uukuowo quantity. 
MoAern analysts Justly demanded an investigation of this point, tuas- 
mnoh aa the usefulness of the results is oooiplet^ly dependent upon it." 
It tlias appears that, through the misuse of in&nite series, the Oermass 
were temporarily led to believe that they had reached a result which 
mathematicians had so long but vainly striven to attain, namely, the al- 
gebraic solution of equations higher than the fourth degree. It will bo 
observed that their method lacked generality, since it could at best not 
yield more than one root of an equation. But in the determination of 
this one root the combinatorial school was deceived. The result was a 
mere delusion — a mirage produced by the refraction of the rays of 
reasoning from their true path while passing through the atmosphere 
of divergent series. 

We proceed now to the further consideration of the binomial theo- 
rem. After the time of Newton Dnmerous proofs were gi^en of the 
binomial theorem. James Bemonlli demonstrated the cose of whole 
positive powers by the application of the theory of combinations. 

This proof is excellent, and has retained ita place in school-books to 
the present day. But the general demonstration for the case where the 
exponent may be negative or fractional was still wanting. Maclaurin 
vu among the first to offer a general demonstration. Soon after hia 
followed a host of proofs, each of which met with objections. It is no 
great exaggeration to say that these early demonstrations seemed to 
satisfy no one excepting their own authors. Most celebrated is the 
proof given by Etiler. It is still found in some of our algebras. But 
Eoler's proof has one fault which is common to nearly all that have 
en given of tliis theorem. It does not consider the convergency of 
e series. It seems to metbat this fault is fatal. Buler claims to prove 
Aiat the binomial formula is generally true, but if this formula is act- 
' Dally taken as being universally true, then it can be made to lead to all 
' sorts of absurdities. If, for instance, we take, in (a + b)*, a = 1, b a 
— S,n = — 2, then we get from the formula -- = oo. 

One might think that absurdities of this kind would have brought 
About the immediate rejection of all proofs neglecting the testa of con- 
Tergency, but this has not been the cose. 

Another influite series occupying a central position In analysis is the 
one known to students of calculus as Taylor's theorem. It was discov- 
ered by Brook Taylor and published tn London in 1715. One would 
have thought that the instant it was proposed, this theorem would have 
been hailed as the best and most useful of generalizations. Instead of 
this it remained quite unknown for over fifty years, till Lagn 
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pointed out its power. In 1772 Lagrange publisUed a meiDoir In wliich 
he proposed to make Taylor's theorem the foiindatiou of the diBerential 
calculaB. By doing so he hoped to relieve the mind of the diflicult con- 
ception of a limit upon which the «alcu!us has been built by Newton 
and his disciplee. The method of limits was them involved iu philo- 
sophic difficulties of a Berious nature^ It was therefore very desirable 
that an explanation of the fundamental principles should be given which 
should be so clear and rigorous as to command immediate assent The 
illustrious Lagrange attempted to supply such an explanation. He 
boldly undertook to prove Taylor's theorem by simple algebra, and then 
to deduce the whole differential calculus from Taylor's theorem. In 
this way the use of limits orof infinitely small quantities was to be dis- 
pensed with entirely. If Tayloi-'s theorem be once absolutely granted, 
then nudonbtedly all the rest may be made to follow by processes which 
are strictly rigorous. But iu proving Taylor's theorem by simple alge- 
bra without the use of limits or of infinitesimals, Lagrange avoided the 
whirlpool of Chary bdis only to suffer wreck against the rocks of Scylla. 
Theprincipleaof algebraemployedby him in his proof were those which 
he received from the hands of Euler, Maclaurin, and Clairaut. His proof 
rested chiefly upon the theory of infinite series. But we have seen 
that this very theory was at that time wanting in mathematical rigor. 
Gonseqnently, all conclnsions evolved from it possessed the same defect. 
Though Lagrange's method of treating the calcnlns was at first greatly 
applauded, objections wore afterward raised against it^ because the 
deductions were drawn ftom infinite series without first ascertaining that 
those series were conrergent. This defect was fatal, and to-day La- 
grange's " method of derivatives," as his method was called, has been 
generally abandoned even in France. 

At the beginning of this century tbe avidity with which the results 
of modem analysis were Bought began so far to subside as to allow 
mathematicians to examine and discus.^ the grounds on which the sev- 
eral principles wore established. The doctrine of infinite series re- 
ceived its due share of attention. In building up a tenable theory of 
infinite series, the same course became necessary which was followed 
some years ago in the erection of the Washington monument in the 
District of Columbia; after the work had proceeded to a certain height, 
the old foundation was found to bo insecure ; it Lad to be removed and 
to bo replaced by another which was broader and deeper. The engineer 
to whom more, perhaps, than any nther we are indebted for the laying 
of a new and firm foundation to iufi oite series and to analysis in general, 
is Cauchy. In the following few but pregnant sentenoes, taken from bis 
Coura WAnalyte (Paris, 1821, p. 2), he states the object he has striven 
to attain: "As far as methods are concerned, I have endeavored to 
Cive them all the rigor required iu geometry, and never to have 
recourse to the rea.'ions drawn from the generalization of algebra. 
Seasons o! that kiud, although they are very generally accepted, esiM^ 
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eially in passing from converging sPues to diverging series and from 
real qaantities to imaginary (luantities, can be considered, it seems to 
me, only as inductions, fit to give a glimpse of the truth, bat which 
agree little with the boasted exactness of mathematical science. It is 
fiirthermore to bo observed that they tend to give to algebraic formnlse 
an indefinite extent, while in reality most of these formalfe remain trae 
only under certain conditions and for certain valncs of the quantities 
which they contain." These weighty words of Cauchy became the parole 
of & new scientific party. Canchy himself was eminently successful in 
his work. To him we owe the first correct proof of Taylor's theorem. 

He toot very strong and positive grounds against the use of diver- 
gent series. All series that were not convergent, he pronounced falla- 
eioia. Taylor's theorem he considered as being wrong whenever the 
series became divergent. In his Coiirs d' Analyse no place was given to 
those troublesome divergent infinite series that had previously been the 
oaose of bo ranch vagueness, uncertainty, and even of error. 

Bat Canchy was not alone in this protest against the unrestricted 
neeof thetime-honorcd methotlsof analysis. A youthfnl mathematician 
from northern Enrope, a worthy descendant of mighty Thor, sided with 
tbe French mathematician in thecont«st. This new combatant was the 
youthful Abel, who, though he died at the premature age of twenty- 
seven, left behind him aa imperishable name. As in the times of myth 
nod fable, Thor, the thaaderer, hurled bis liuge hammer against the 
mountain giants, so Abel, with his massive intellectual hammer, dealt 

iwerfal blows against some of the mathematical methods of his time. 
rotJoe an extract from a letter written by him in 1826, which expresses 

le convictions to which his profound studies had led him. Says Abel :• 
Divergent series are in general very mischievous affairs, and it is 
Bhameful that any one should have founded a demonstration upon them. 
Ton can demonstrate anything yon please by employing them, and it is 

ley who have caused so much misfortune, and given birth to so many 
loxes. Oau anything he more horrible than to declare that 
0=1-2-4-3-— 4--f5"- etc., 

^when n is a whole positive number f At last my eyes have been opened 
■in a most striking manner, for, with the exception of the simplest cases, 

8 for examplti the geometric series, there can scarcely be found in the 

whole of mathematics a single infinite series whose sum has been rigor- 
lensly determined ; that is to say, the must important part of mathe- 
KmaticB is without foundation. The greater xtart of the results are correct, 
lihat is true, but that is a most extraordinary circumstance. I am en- 

[llged iu discovering the reason of this — a most interesting problem. 

[ do not think that you could propose to me more than a very small 
ftllumber of problems or theorems contaiuiug infinite series, without my 

<eing able to make well-founded objections to their demonstration. Do 

' (Euvrr* ConipleIeK de X. n. Abel, Tome I,C\it\6l.\a,B.\ii,\Wa,\.'tfA. ^H 
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BO, and I will SDHwer yon. Xot even the binomial tLieorcm bas yet been 
rigoroQgly (lemoustrated. I have fonnd that 

{ 1 + ai ) " = 1 + mx + !!iiHj:A> «• + eto. 

for all valaea of x which are less than 1. When x =: + 1, the I 
formnla holds, but only provided that j» is > — 1 ; and when x = — 1, 
the formula only holds for positive values of m. For all other valnes 
of m the series 1 + nu; + etc., is divergent. Taylor's theorem, the fono- 
dation of the whole inBoitesimal calcnlas, has no better fonndation. I 
have only found one single rigorous demonstration of it, and that is the 
one given by M, Cauchy in his Abstract of Lectures upon the lofinj 
Dial Calculus, where he has demonstrated that we have 



p (a? + « ) = p {!) + «j)' (I) + ^ p" {X) + etc., 



dnitM^^ 



as long as the series is convergent ; bat it is nstially employed withoat 
ceremony in all cases. • • • 

"The theory of infinite aeries in general rests npon a very bad foan- 
dation. All operations are applied to them as if they were finite; bat 
is this permissiblet I think not.* Where la it demouBtrat«d that the 
differential of an infinite series is found by taking the difiorential of 
each term 1 Nothing is easier than to give oxamplcfl where this role is 
not correct. • • • The same remarli holds for the multiplication 
and division of infinite series. I have begun to examine the most im- 
portant rules which are (at present) esteemed to hold good in this re- 
spect, and to show in what cases they are correct and in what not eo. 
This work proceeds tolerably well and interests me infinitely." 

Such is the nneqnivocal language of Abel. His early death prevented 
him from carrying all his plans into execution. To him we are indebted 
for the first rigorous proof of the binomial theorem.t 

The views on infinite series held by Canchy and Abel met with hearty 
acoeptauco by leading mathematicians on the continent. Thus, Poissoo 
expressed his views in the following language: "It is taught in the ele- 
ments that a divergent series can not serve to calculate the approximate 
value of the function from which it results by development, but some- 
times it has apparently been thoaght that such a scries can be used In 
analytical calculations instead of the function ; and although this error 
Is far &om being general among geometers, nevertheless it is not useless 
to point it out, for the results which are obtained by means of divergent 
series are always nncertaiu and most of the time inexact." 

The conditions forconvergency and divergency of different series bfr 

* Dinchlel fint poiut«d oat that tlie most eleoieatiLry algebtaio rule, accoidiuK to 
whicli erery som is iodepoudent of tlis arrftUsemeat and Kroupiog of the tenus to be 
Added, does not necessarily hold tmo :u infinite scries. 
/ (Eavret CompUta de N. B. AM, Tomo I, ClurUtioma, 1839, p. 66. 
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ganto be CArefally investigated. No nniversal criterion for determin- 
ing whether a given aeriea is oouvergent or divergent was then known ; 
nor do we possesB soch a one even to-day. 

A qaestion naturnlly arising at tbis point of our inqniry is, whether 
the views of Canchy and Abel and their co- workers met at once with 
general aoceptanoe or not. As might almost be expected, they did not, 
bat encotintered Ann opposition. The old combinatorial sehool in Qer- 
many would not surrender their orthodox views without a struggle. 
They obstinately defended every doctrine of their mathematical ureed. 
Even sach a man as Dr. Martin Ohm, who was realty an enemy of the 
combinatorial school, and whose achievements in mathematics and 
physics place him among tbe ooryphiei of science, woa not willing to 
join Oaachy and Abel in calling divergent series fallacious. In an essay 
■written by Ohm, entitled. The Spirit of Mathematical Analysis," he 
admits that the great mathematicians of his day, as Gauss, Dirichlet, 
Jaoobi, Bessel, Canohy, do not employ demonstrations conducted with 
divergent series, while Poisson speaks decidedly against them. "But," 
says Ohm, " that the series which are used and from which deductions 
are drawn ought to be always and necessarily convergent is a circam> 
stance of which the author of this essay has not been able at all to con- 
Tinoe himself ; on the con trary, it is bis opinion that series, as long as 
they s^e general, so that we can not speak of their convcrgency or diver- 
gency, must always, when properly treated, necessarily and nnoondi- 
tionally produce correct results." By aj/cneral series Ohm means one in 
which the letters represent neither viagnitudes nor nuwberg, but are con- 
sidered as perfectly insignificant {irtkaltloa). Whenever the letters are 
made to represent magnitudes or numbers, then the series is no longer 
~ al series, but is a " numeric " series, and in that case Ohm admits 

lat an equality can exist between the function and its series only when 
e series is convergent. It is very difficult to see exactly what meaning 
f Bhall be given to letters u^ion which algebraic operations are to be per- 
I fermed, when the letters represent neither magnitudes nor numbers. 
I XToris it easy to see in what wayformul^ involving these empty, mean- 
I ingless letters — these "ghosts of departed quantities" — can furnish 
I ligorons methods in mathematical analysis. In fact, this theory of 
I general series containing insignificant letters is one of tbe last shifts to 
I which tbe opponents of the new school resorted; one of the last sub- 
terfuges before giving up a contest which had become entirely hopeless. 
If we pass from Germany to England we meet there with another 
t mathematician who championed the old cause. I refer to George Pea- 
r oock, who is well known to mathematicians for bis Algebra and his Be- 
I port, made in 1833 to the British Association, On the Eecent Progress 
and Present State of Certain Branches of Analysis. 

Peacock states his views with more clearness than Ohm had stated 
his. He bases his argument ou what he calls the " principle of tbe per- 

•Tho Spirit of Mathematical AnalysiB and ito R6\s,UQtt\o B.\iO^<ni%.-s««oi,>s^TiR. 
I lUrtia Ohm; tranjiated by Alexander John Ellis, Loaiun, W*i, 
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rnanence of egnivaleat formB," which he coneiderB to be the real foaa-' 
dation of all rules of Bymbolic algebra. AocordiDg to this principle, all 
the rules and operations of arithmetic which have been ostabhshed by 
namerical considerations are adopted without reference to relative mag- 
nitade; the symbols of algebra are taken to be perfectly general and 
unlimited in raloe, and the operations to which they are subject are 
equally general. To illnatrate : In arithmetic we can sabtiact a smaller 
number from a larger, but we cannot subtract a larger from a smaller ; 
that ia to eay, we can subtract 3 from 5, but not 5 from 3. lu algebra, 
on the other band, no limitation whatever is placed upon the relative 
values of minuend and subtrahend; there we can subtract 5 from 3 
and give the answer a rational interpretation. By the principle of the 
permanence of eqnivalent forms every result obtained from mathemat- 
ical operations must always be a correct result, no matter what the 
relative values of the qnantities be upon which the operations are per- 
formed. Peacock applies this principle to the subject of infinite series. 
He says (p, 20a, Keport for 1833) that " the series 

(l + x)- = l^(\ + nx + "tH-D ji + etc.^ 

indefinitely continued, in which » is a particalar value (a whole number), 
though general in form, must be true also, in virtue of the principle of 
the permanence of equivalent forms, when n is general in value as well 
as in form." Instead of being always a positive whole number, the ex- 
ponent n may, therefore, be negative or fractional, and the above for- 
mula still holds true. 

Sow, the principle of the permanence of equivalent forms laid down 
by Peacock is not self-evident, nor did it become known by intuition ; 
on the contrary, it is merely an induction, and can, therefore, hardly be 
taken as a reliable basis upon which to settle a disputed question ; for 
this very question may be one in which this law established by mere 
induction might fail. But even granting the principle of the perma- 
nence of equivalent forms to be generally applicable, does it really fol- 
low from it that infinite series are true, whether they be convergent or 
divergent t In order to discuss this point let us examine a sbriea re- 
sulting from the division of the numerator of an algebraical fraction by 

its denominator, such as . 

1— tt 

From arithmetic we get the simple but general statement that the 
numerator of a fraction divided by its denominator is equal to the quo- 
tient plus the remainder (if there be any remainder). By the principle 
of the permanence of equivalent forms this must be true of fractions 
involving any quantities whatever. Now, if we divide 1 by 1 — a 

we get 1 + o + a' + o' + . _ . We oberve there is a remainder, 
■^^. If we cany the division farther there is still a remainder. No 
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matter how far the division proceeds it will not end, and a remainder 
wUl atill exist. We may express tbis fact by writing = 1 + a j. 

L «•" 

ma? + o" + . _ ■ Now, if a has a valoe leas than unity the 

remainder approaches zero, and we may therefore write r - j_" = 1 + 
a + a' + etc., ad infinitum. This infinite series is correct whenever 
a <1. Bat, according to Peacock, it would follow from tlie principle of 
the permanence of equivalent forms that, if this series is correct for 
o<l,it must be true for all values of a. Hence the series is true when 
o>l, in which case the series is divergent. Now, this conclnsion 
appears to be inadmissible, because Peacock does not examine the 
remainder. Wheu a < 1, the remainder approaches zero, and can there- 
fore be neglected ; but if a > 1, then we shall find that the remainder 
does not approach zero, and therefore cannot be neglected. 

To neglect it would be to violate the principle of the permanence of 
equivalent forms. This principle demands that whenever there ia a 
remainder it shall always be considered and expressed, no matter how 
far the division be continued. If in the above series we take a = 2 
aud neglect the remainder, then we get . 



-1 = 1 + 2 + 2' + 2'+ ad infinitum, 

IvhJch is an absurdity. But if the remaioder be taken into accoant, 
^len we have 



-l = l + 2 + 2*+2'+ . 



-1 



r 

^BS^is eqnation is always true, no matter how great n may be; that is to 
^f fiay, no matter how far the division be continued. From similar cou- 
uderatlons in other series it would appear that divergent series are 
false and absurd, exce]>t when written with the remainder. 

And yet not only Peacock, but even De Morgan was not willing to 
reject divergent series. Though De Morgan criticised the new school 
■ for the unconditional rejection of divergent series, he cannot be pro- 
Qonnced an enthusiastic supporter of the old school. In an article in 
the Transactions of the Cambridge Philosophical Society, Volume VIII, 
Part I, ho says : "1 do not pretend to have that con fidoiice in aeries 
which, to judge from elementary writers on algebra, is common among 
mathematiciaDS, not even convergent series." His views on tliis sub- 
ject will be more fully elucidated by the following quotation from his 
article on " Scries" in the Penny Cyclopiedia : " A divergent series ia, 
arithmetically speaking, infinite; that is, the quantity acquired by 
summing its terms may be made greater than any quantity agreed on 
at the beginning of a prooeaa. • • • Nevertheless, as every alge- 
braist knows, such series are frequently used as the re^reseatativet of 
sal— Ho. 3 24 
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finite quatttitiea. It was nsaal to admit encli series witboat hesitatioii ; 
but of late years many of tbe cootiDOiita) matheraatidans have Oeelared 
against divergent series altogether, and have asserted Instances in 
which the use of them leads to false results. Those of a contrary opin- 
ion have replied to the instances, and have argued from general prin- 
ciples in favor of retaining divergent series. Our own opiuion is that 
the instances have arisen from a misunderstanding or misuse of the 
series employed, though sufficient to show that divergent seriee should 
be very carefully handled ; but that, on the other hand, no perfectly 
general and indisputable right to the use of these series has been es- 
tablished a priori. They always lead to true results when properly 
used, but no demonstration has been given that they moat always do 

BO." 

About the time when Peacock made hia report to the British Asso- 
ciation, Caachy was developing new and valuable results on the subject 
of infinite scries. With the aid of the integral calculus he was conduct- 
ing a careful investigation of the conditions which must be fulfilled in 
order that a fnuction be capable of being developed into a convergent 
infinite series. He found that four conditions must be satisfied: (1) 
The function must admit of a derivative. (2j The function must be 
uniform, that is, for any partu^ular value for x the function mast have 
only one value. (3) The fnuction mustbe^ni/e. (4) The function must 
be continuous, that is, it must change gradually as the variable passes 
ftom one value to another. These results greatly strengthened the posi- 
tion held by the new school, and uotwithstauding the adroit argumeata 
brought forth by various mathematicians of the old school in favor of di- 
vergent series, the leading mathematicians of to4ay have rejected the 
old views and adopted those ofCauchy and Abel. In thetheory of fane- . 
tions, a branch of mathematics which is now assuming enormous propor- 
tions, the couvergency of all series employed is carefully and aurupuloosly 
tested. In late years more reliable criteria have been invented for 
determining the couvergency. Staodanl treatises on the subject devote 
the larger part of their apace to the consideration of couvergency. 
Whenever a scries is divergent, then either the remainder is inserted 
or the series is unceremoniously rejected. Indeed, divergent series are 
DOW looked upon by our best mathematicians as being nothing more 
than exploded chimeras- 
Having briefly traced thehistory of infinite series in Europe, we shall 
consider the views on this subject held by American writers. Previous 
to tlie beginning of this century the textbooks on algebra used in this 
country were all imported from abroad. About the only mathematical 
books published in America before 1800 were arithmetics and some few 
books on surveying. The earliest imported algebras came from Great 
Britain. The most important of them were the algebras of Maelaurin, 
Saunderson, Charles Hiitton, John Bonnycastle, and Thomaa Simpson. 
Jhese writers belonged to what we have called the old school. 
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night be expected the Bubject of series was handled by tliem witb the 
MEDCi looeeuees and recklessoesa as by the older school of mathemati- 
oittDB on the continent. Thus, in Kutton's Mathematics, which was a 
standard work in its day, considerable attention was paid to series, bat 
the terms "convergent" and "divergent" were not even mentioned. 
The earliest American eompiler of a coarse of mathematios for colleges 
was Samuel Webber. In 1801 he published his " Mathematics." The 
algebraical part was necessarily elementary in character, and of coarse 
contained no formal criteria for convergency. Whatever defects Web- 
ber's Algebra may have, it has also its meritJi. It is pleasing to observe 
that as far as the aathorhad entered npon the subject of iofimto secies 
he was on the right track. Speaking of a certain divergent series he 
says that " it is false, and the farther it is continaed the farther it will 
diverge ftom the truth" {p. 291). This language possesses the true 
^^ ring} it is free from the discords of error, and we regret that American 
^L writers of later date have not Imit&ted it. 

^B In 1814, thirteen years after the publication of Webber's Mathemat- 
^r ICB, appeared the algebra of Jeremlab Bay, of Yale College. All things 
oonsidered, Day's Algebra is superior to Webber's, bat on the particu- 
lar sabject of series it can hardly be said t« excel. President Day points 
out, to be sure, that a certain series must converge in order to come 
nearer and nearer to the exact value of the fraction from which the 
series was derived, but he does not even hint at the insecurity or ab- 
Bordity of divergent series. He gives no demonstration of the binomial 
theorem, but speaks of it as being universally true. 

Four years after the pablioation of Day's Algebra, John Farrar, pro- 
fessor of mathematics at Harvard, published An Introduclioa to the 
i Elements of Algebra, • • • Selected fi^m the Algebra of Ealer. On 
the continent of Europe Eoler's writings were at that time jostly con- 
Bidered as the moat profound, and as aCTording the finest models of 
analysis. Yet his writings were not faultless. His views on series were 
those of the old school. The discnssion of series as given in Farrar's 
Euler demands our attention, because sabseqaent American writers 
■were doubtless greatly influenced by it. On page 76 of this book, the 
fraction ^ is resolved bydivisionintoaniDflniteseries. ThefoIIow- 
■ 



ing comments upon it are then made : " There are sufflcieut grounds to 
maintain that the value of this infinite serios is the same as that of the 
fraction - — . What we have said may at first seem surprising, but the 
consideration of some particular cases will make it easily understood. 
If we suppose a=2, our series becomes =1+2+4+3+16+33+ 
64, etc., to infinity, and its valne must be— i-^j that is to say, ^ = — 1, 

which at first sight will appear absurd. But it must be remarked that 
If rte viMh to atop at any t«rm of the above series we can not do 
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withont joining the fraotion which remains." Now this la«t aeatenoeia 
certainly a true atatement. ^o fault can bo fonnd with it. It simply 
meauH that we must consider the remainder, the very thing which the 
new school persistently insists upon. Bat the next statement made by 
the author is objectionable. Says he: "Were we tocontiane the series 
■without intermission, the fraction indeed would be no longer couaid- 
eted, bnt then the series wonld still go on." This really amounts to 
saying that when the aeries beooDes iufinite, the remaiuder shall not 
be considered. 

Sow, if the remaiuder is not taken into account, then we can say in 
the language of Webber that the further the series is continaed, " the 
further it will diverge from the truth," hence it must bo " false." 

In addition to this abridgment of Eider's Algebra, Professor Farrar 
published a translation from the French of Lacroix's Algebra. La- 
croix's works are justly celebrated for their purity and simplicity of 
style. Though more cautious in hia statements than the majority of ele- 
mentary writers, be must still be classed as belonging to the old school. 
Id his algebra* be speaks ofdirergent series as leading to consequences 
that are " absurd." The binomial theorem is proved by Lacroix for the 
case when the exponent is a positive integer, but the proof for the other 
cases is omitted. In the light of modern mathematics this was a wise 
omission. A correct proof of the general theorem is too difficult for pu- 
pils beginning algebra. But the easier proofs are incorrect. Hence it 
is preferable to give no proof at all than give a wrong one. But Pro- 
fessor Farrart was not satisfied with this omission. In bis translation 
he adds a foot-note, with the erroneous etat^meiit that the binomial for- 
mala is " equally applicable to cases in which the exponent is fractional 
and negative," and he demonstrates this theorem in the last part of his 
Gambridgo Course of Mathematics (" On the Differential and Integral 
Oalculns") without, of course, considering the question of convergency. 

Charles Davies, who was appointed professor of mathematics at the 
United States Military Academy at West Point in 1823, published in 
1834 an algebra modeled after the large French treatise of Bourdon. 
This algebra is familiarly known as "Davies' Bourdon," and, like all 
other books of Professor Davies, has had a very extensive circulation 
in all parts of the United States. Ilowever excellent this treatise may 
be in other respects, on the subject of infinite series and the treatment 
of the binomial theorem it is very defective. 

From what has lieen said it will be seen that the foreign anthers 
whom our American writers took for models in compiling their algebras 
belonged te the old school. Our early American writers clung faith- 
fully to the orthodox opinions of this school. The only dissenting 
I voice came from Samuel Webber, and it was so feeble that it escaped 
•Elemeotaof Algebra, by S. P. Lacroii, tranalatad by John Farrar. Second oUi- 
tioD, Cambridge, N. E,, lB3a, p. 241. (This second Ameilcftu edition ww troDilalfd 
tioni the eleventh edition, printed in Paris ia 1815.) 
tJiiJ, p. 152. 
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bU notice. Bat wliat, yoa may aeb, were tfae views beld by later Amer- 
ioao matliematiciaiis T 

In answer to this I need not discuss each aathor indiTidnally. If we 
except a fowvery recent writers, then we may say that on infinite series 
the sins of odo are quite gonerallj the sins of all. Yoa may consult 
the large aud extensive Treatise oaAlgebra, of Charles Hackley, or the 
£lemeotary Treatise on Algebra, bj James Ryan ; the Elementary and 
Higher Algebra, by Theodore Strong; the University Algebra, by Ho- 
ratio N. Eobinson ; the Algebra for Colleges aud Schools and Private 
Stadents, by Joseph Ray; the Elements of Algebra, by Major D. H. 
Hill; theUniversity Algebra, by Edward Olney; the Binomial Theorem 
and Logarithms, by William Chaavenet ; the Treatise on Algebra, by 
Blias Loomis. You may consult these and many others, and you will 
find that they are all swayed more or less by the orthodox ideas of the 
old school. A few of them give tests for convergency, but none of them 
treat divergent series with that severity which these mischievous ex- 
pressions deserve. If divergent series are false, then it ought to be so 
stated ; the studeut should be informed of the fact that they are false. 
Judging only from American algebras, we might almost conclude that 
Oiinchy, Abel, Poissou, Birichlet had never lived, or that their ideas 
had been long since exi^anged from the creed of true science. Of the 
algebras which the writer has examined a few of very recent date are 
the only ones to which this statement is not applicable. But even 
these give demonstrations of the binomial theorem which are deficient 
rigor. The writer has not seen a single proof of this theorem for 
negative or fractional exponents in any American algebra which is 
lot open to well-founded objections. Our writers often begin the gen- 
eral proof with an erjuation in which the sign = expresses always a 
mumerical equality, and, finally, arrive at an equation (the generalized 
binomial formula) in which the sign = does not express a numerical 
tquaiity, except auder certain limiting conditions. The student is not 
informed in what way sacb a change in the meaning of the sign = has 
been brought about, nor is he told by what process of logic this end- 
den metamorphosis is permissible- 
It may be argued that the final eqaation expresses a formal truth. 
Bat is this formal truth anything more than a perforated shell from 
which the kernel of lue/uf truth has bfon removed! When the equa- 
tion expresses merely a formal truth, can it be used for numerical cal- 
onlations t No. Can the series be employed in course of analytical dem- 
onstrations in place of the function. I No, for it leads to uncertainty, 
and perhiips even to error. What then is this formal truth good for! 
There is an American algebraist who says that the formula, 

"is at once true when n is positive or negative, entire or fractional, 
real or imaginary, rational or irrational." Yet, it va« ^aui^wl •v)$.\.<:^-^% 
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ago by Abel ami others that even when the conditions for convergenoy 
are satisfied there are still other points to bo considered before we are 
entitled to write the sign of equality between the function and the 
seriea. The expression (l+a-)" has la general a mnltiplicity of different 
values. In fact, the only case in which it has a single value is when 
the exponent n is an integer. Whenever n is a rational fraction, the 
expression has more than one valne; whenever b is irrational or im. 
aginary, the expression has an infiDito number of values. 

The series itself, on the other hand, has always only one valne, Now, 
if we place the function (! + «)" eqnal to the series, then the qaestion 
arises, which one out of the possibly infinite number of functional valaes 
is equal to the one value of the seriest 

A process in which American books are deficient in rigor is the mnl- 
tiplioation of one infinite series by another. Some of our books exhibit 
not the slightest hesitation in multiplying by one another any two series 
whatever, and placing their product equal to the product of the functions 
f^m which the two series were obtai ned. The same confidence is placed 
in the process of multiplying infinite series as in that of multiplying 
finite expressions. Bnt as a matter of fact, when one or both series are 
divergent, then their product is an absurd result. It is therefore neces- 
sary that both series be convergent. But, strange to say, this neces- 
sary cond ition has not always been found sufficient. There are cases in 
which the product of two convergent series may actually be a divergeDt 
series. For instance, Canchy has shown that the series 

1^~;^+^~7r"'"7r ^H 

ii oonvergent, hut that its square ^^^^^^^M 

is divergent. The investigation of this difQculty has led to the proof 
that only the so-called " absolateiy convergent" series can be multiplied 
into each other without liability of error. Thus while oar elemeulary 
books teach that all infinite series can bo multiplied by one another, 
the most recent and most advanced treaties on the subject teach that 
only convergent series of a particular kind can be mnltiplied into each 
other 80 as to lead to trustworthy results. 

If we had time we could go on and examine the development of func- 
tions into series by the method of iiidetermiuat« co-efficienta, as taught 
in oor elementary books. We should meet with several points which 
are open to well-fouuded objections. But we can not enter upon this 
snbject now. 

The writing of a good elementary text-book is one of the most diffi- 
cult undertakings. It is hardly advisable to subject to rigorous proof 
every rule and every process which ought to go into an elementary 
text-book on algebra. 
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Many of the proofs would be either exceedingly difQcalt to the pupil 
or entirely beyond his comprehensiou. In consequence of this the prob- 
lem arises to decide what had best be proved and what might best be 
aaanmed without demonstration. It is easy to see how the opinions of 
able and experienced teachers may differ in making this choice. Bat 
there ia one point npon which there should be no difference of opinion. 
Wbaterer is placed in an elementary test-booh ought to be, as near 
as we can make it, the truth and nothing but the truth. If a subject is 
BO difficult that it can not bo stated in an elementary way without mU- 
Hatimj it, then it had best be left ont altogether. Whatever reasoning 
would be faliacions and wrong when placed in an advanced treatise 
must be equally fallacious and wrong when placed in an elementary 
book. If divergent series are anreliabte, absurd, or false in advanced 
articles written by Cayley and Abel, in the Cotira W Analyse by Jordan 
and by Cauchy, or in the Galcul Dlffirentiel by Serret, then divergent 
series mast be equally nnreliable, absurd, or false in the elementary 
tigebras of Loomia, Davies, or Kobinson. Now, if divergent series are 
actually nntrustworthy and fallacious (and the leading mathematicians 
of to-day consider them so), would it not be best to make a statement 
to that effect in our elementary algebras and to give at least some of the 
simplest criteria for determining tlie convergency. If a correct proof 
of the binomial theorem for negative and fractional exponents is too 
long and difficult to find a place in an elementary algebra, why should 
it not be entirely omitted from algebra, and inserted afterward in the 
differential and integral calculus 1 There it can be deduced at once as 
an immediate consequence of Taylor's theorem. But in that case we 
must be sure that our calculus gives a correctproofof Taylor's theorem. 

Unfortunately, many of our American works give what may bo called 
the old proof of this theorem, which proof ia pronounced uusatisfactory 
by all standard writers on the calcnlns, De Morgan does not consider 
it a demonstration at all, but treats this old process as " nothing more 
than rendering it highly probable that 

*(a Jr A) and !P(o) + ^'(a) h + *"{o) A'+ etc., 

Iiave relations which are worth inquiriug into." Todhnnter likewise ob- 
jects to the old proof, and especially to " the nse of an infinite series 
without ascertaining that it is convergent." 

We regret to say that many of our American books on calculus are 
just aa reckless and unscrupulous in the treatment of inQnite series as 
our algebras are. But this assertion can not be applied sweeplngly to 
all our works on this subject. Take some of the more recent pablica- 
tions, as, for instance, Byerly's Calculus. On page llSof Byerly's Dif- 
ferential calculus the following statement is made and emphasized by 
italics. "It is very unsafe to make vse ofdieergent teries or to base any 
fttuoning upon titem." This doctrine contradicts the doctrine taught in 

r algebras. If Byerly's Calcsnlas is correct, t^ico. o\ji «\i<^-u&~BsaiSii 
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be wrong. Imagine the confasion which will arise in the mind of the 
student. While ho is studying algebra be learns that the binomial 
theorem ia universally true. When Bycrl,v's Calculos is placed la his 
bauds, he discovers that this same theorem is not always true, but 
lioUls good oul; when certain conditions are SLitisfied. The thoughtful 
etudent will become disgusted at such glaring contradictions in the pre- 
sentation and explanation of a science which, in the hands of a careful 
mathematician, can be made to be the most accurate and consistent of 
all sciences. In closing, we give the following summary of the viewa 
presented ia this paper: 

1. In calculating with or reasoning by means of infinite series, the 
questiou of conrergency should always be considered. If a series is 
divergent, then the sign of equality should not be placed between that 
series and the function from which it was develoited. If the sign of 
equality &£ used in that way, theu it expresses an absurdity, which is no, 
less an absurdity when found in an elementary tcxt-booU than when 
found in a more advanced treatise. 

3. Those parts of the subject which are too difficult for correct treat- 
ment in algebra, may be assumed temporarily without demoustration, 
and may afterward be proved in the differential and integral calculus. 
This suggestion applies particularly to the binomial formula for all 
coses in which its espoueat is not a positive integer. 



ON PARALLEL LINES AND ALLIED SUBJECTS. 

There are few subjects in mathematics which have been discussed to 
greater extent than that of parallel lines. The varions attempts at im- 
proving the theory of this subject may be classified under four heads : 
I. In which a new definition of paralleUines is suggested. II. In which 
a new axiom, different from Euclid's, is proposed. III. lu which efforts 
have been made to deduce the theory of parallels from the nature of 
the straight line and plane angle. IV. In which, during the present 
century, the whole subject of geometrical axioms has been re-investi- 
gated and searched to the very bottom, and in which the novel and 
startling conclusion has been reached that the space defined by Euclid's 
axioms is not the only possible non contradictory space. This gave 
birth to what is now termed nun-Euclidian geometry. 

It is our intention to take up the discussion under the above four 
beads, with a view of presenting the ideas advanced by American mat 
ematjciaus or given in text-books ased in this country. 




I.— NEW DEFINITIOKS. 



1 



Euclid's definition of parallel lines is as follows; "Parallel straight 
lines are auck as are in the tame plane, and tchich beiiii/p reduced ever to/ar 
^(A tea^ado not nteet." This definition has been retained by the laifv; 
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rnamber of Americau writers,' and seems indeed the most desirable one 
p to use in elementary geometry. 

Parallel lines are lines everywhere equally distant. This definition Las 
I been adopted by Hutton,' Webber,' T. Walker,* A. Schuyler,' and 
^probably by other authors Trhose booko have not been examined by the 
writer. This definition Las never been popular hero since the time of 
Webber. Chief among older and foreign authors who nsed it are Wolf, 
Diirer, Boscovich, T, Simpson (in the first edition of his Elements), and 
BonnycasUe. Clavius assumed that a line which is everywhere equi- 
distant from a straight liue is itself straight. This axiom or postulate, 
which, by the way, docs not bold truein pseudo-spherical space (accord- 
ing to the ordinary methods of measurement), lies hidden in disgnise in 
the above definition. The objections to that definition are that it is an 
advanoedt/ieorent, rather than a definition; that it involves a number of 
considerations of great subtlety ; and that it has to be abandoned as a 
fundamental definition in the more generalized view which is taken of 
this science in what is called non-Euclidian geometry. To be rejected 
for similar reasons is the following definition. 

Two lines that make equal angles u^itk a third tine, all being in tiie same 
plane, are parallel. This is given by H. N. Robinson,' It was used in 
France by Varignou and Bezout, and in England by Cooley. 

Parallel lines are straight lines which have the same direotion. This defi- 
nition has been growing in favor in this country. Tho reason of its popu- 
larity lies in the fact thatitappears to contribute to the brevity and e 
I plicity of demonstrations. Its validity will be considered further 
r One of the first, perhaps the first, to use it in this country was James Hay- 
T vard, teacher of mathematics at Harvard College.'' It wns used by 
I Benjamin Peirce," I^, Tillinghast,* Charles W. Hackley,"* Davies and 
I Peck," Eli T. Tappan," William T. Bradbury," and G. A. Wentworth." 
In England the concept of direction was made the basis of a work 

' Of the books examined b; the writer, the foliowiog employ thla deCnitiait : Far- 
rw, F. H, Sniith, and Daviea, in their rcs|)0ctlT6 editions of Legendrie ; also, Chau- 
veneC, Newcumb, Venablc, Halsted, Loomia, Grand, Olney , Hiisaler, Hnator, Whttlock, 
ftnd Wentworth (in the revised odiiion of his geometry, IBSS). 

' Button ■» Mathematics, edited by Robert Adrnin, Now York, 1831, Vol. I,, p. 275. 

' Webber's Mathematics Cambridge, N'. E., ISOB, p. 340. 

* Walker's Elements of Oeometry, Boston, 1831, p. 30. 
'Scliuylet's Elements of Geometry, 1876, p. 33. 

' Elements of Geometry, Plane and Splierical Trigonometry, Cinolniiatl, 19S3, p. 11. 

'Geometry, Cambridge, 1829, p. 7. 

■ Etemeutary Treatise on Plane and Solid Geometry, Boston, 1637. 

* Plane Geometry for the nse of eohools, Concord aud lioston, 1S41, 

u> Elementary Course of Ooometry for the lue of schools and collegea, NewTotk, 
1647. 

" Matbeniatical Dictionary, Artiole, " Parallel Linos." 

" Treatise on Plane and Solid Geometry, " Ray's SerioB," Claaintiatl, 1864. 

" Elementary Geometry and Trigonometry, Boston, 1872. 

" Elements of Plane and Solid Geometry, Boston, 1878. All editions of this nuut 
popular book, esc«pt the rfiiind edition of Jane, 188%, con,tAVTtiX.\i«.t>'aa'^«^^'%\'>^!^'&«V 
pT»!lel§. 
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on geometry by J. M. Wilson, 1868, bat in bia new book of 1878 the 
whole theory of direction is iptnored. 

n.— NEW "AXIOM." 

Euclid provea in his Elements (I, 27) that " If a straight line filing 
on two other straight lines make the alternate angles eqnal to one 
another, the two straight lines shall be parallel to one another." Bat 
before any other step can be made, it is neceaeary either to provo or 
assame that in every other case the two lines are not parallel. 

Being unable to prove this, Enclid assnmed it. His assumption con- 
BiHts in what is generally called the twelfth, by some the eleventh 
"axiom :" " If a straight line meet two straight lines so as to make the 
two interior angles on the same side of it taken together less than two 
rightanglea, these straight lines, being continaally prodaced, shall at 
length meet on that side on which are the angles which are Ic^s than 
two right-angles." It has been validly nrged against Enclid that this 
statement ia far from being axiomatic. Bnt H. Hankel* has shown 
that Euclid himself placed this among the postulates (where it more 
properly belongs) and not among the axioms. The mistake of calling 
it an axiom was dne to later editors. Euclid thus placed the whole 
difficulty of parallel lines in an assnmption. 

It has been objected that this assamption is not sufficiently simple 
and obvioQS. Accordingly, Playfair proposed the following "axiom": 
" Two straight lines which intersect one another can not be both par* 
allel to the same straight lino." This is merely Euclid's " axiom " in a 
better and more obvious form. It has been adopted by the best Ameri- 
can works on geometry.! 

A large number of our geometries give neither Euclid's nor Plnyfair's 
"axiom," but pretend to prove some "theorem" which states, in sab- 
stance, what is equivalent to Euclid's " axiom." This leads ns to the 
next heading. 

in.— "pEOops." 

Since neither Euclid's nor Playfair's " axiom "ia axiomatic, innumer- 
able attempts have been made to prove one or the other. Until within 
twenty years it was believed by tnauy leading mathematicians that 
valid proofs could be deduced from reasonings on the nature of the 
straight line. ' But the researches which led to thedevelopment of non- 
Euclidian geometry have, at last, made it clear that all such attempts 
mnst necessarily remain fruitless. 

We shall call attention to a few so-called proofs found In text-books 
nsed In this country. Huttonf proves the "theorem" that "when a line 

* VorUtungen iiier CampJae Zaklm mid Hire Funklineti, p. C'Z. 

tTho writer hMseen it in tbe geometries of Davies, F. H. S mi Ui, Tenable, LoomU, 
ObkUTenet, Haator, Brooki, Gniod, Newcamb, UoUted, and Weattrortli (in his rc- 
rfBOd aditfon, IHM). 
tEatton'a Mathematict, edited bj Rob«tt Adiua, Kaw York, 1S3J, Vol. I, p. S 
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^Tinteraects two parallel Hoes, it makes the alternate angles eqoal to each 
^P other " (which ia the equivalent of Euclid's " axiom ") — In the foUowiDg 
manner : If angles AEF and IJFD are not equal, 
** one of them mast be greater than the other; let it 
be EFD, for instance, which ia the greater, if po8- A— 
Bible, and conceive the line FB to be drawn, cut- 
ting off the part or angle EFB equal to the angle C— 
AEF,andme€tingtheUneAB in the point B. Then, 
since the outward angle AEF, of the triangle BEF, 
is greater than the inward opposite angle EFB (th. 8); and since these 
two angles also are equal (by the construction), it follows that those 
angles are both equal and unequal at the same time, which is impossi- 
ble. Therefore, the angle EFD ia not unequal to the alternate angle 
AEF; that is, they are etiual to each other." The error of this proof 
liea in the (implied) statement that the line FB must always intersect 
tbe \in6 AB, which is, virtnally, an assnmption of the thing to be prored. 
We know that in pseudo-spherical geometry one of the angles (say EFD) 
ia greater than the other, and that the line FB does not cut AB. 

This same proof is given in Davies' Elementary Geometry, p. 26. At- 
tempts at proving the " parallelaxiora " were made also by Hasaler, by 
a writer (James Wallace) in the Southern Eeview {Vol. 1, 1828), and by 
" - 0. Twining, in Silliman's Journal (1846, pp. 47 and 89). 
. Olney* proves Playfair'a axiom ia this way; "Let AB be the given 
hie, and O the given point, there can be one and only one perpendlc- 
r tfaroQgb O to AB (127). Let this be fff. Now through G one and 
hlyoDeperpendionlarcanbedrawntoPiJ. Let this be OD. ThtnisOD 
lUel to AB by the proposition (j ust proved in the book), and it ia 
Qie only such parallel, since it is the only perpendicular to FE a,t O." 
I ^e fallacy of this liea in the assumption that every line in the plane, 
f drawn through the point O and not cutting the line AB matt neoet' 
y jarily be perpendicular to EF. 

An interesting attempt to prove Euclid's axiom is given anonymously 
\ fa Orelle's Joamal (1834), and translated and published by W. W. 
K Johnson in the Analyst (Vol. Ill, 1876, p. 103). According to De Mor- 
ligan, this proof i a due to Bertraud. Professor Johnson says that 
I *• this dcmonatmtiuu seems to have been generally overlooked by writ- 
I ers of geometrical text-books, though apparently exactly what was 
F seeded to put the theory upon a perfectly sound basis." The error in 
L tbe proof seema to lie in the statement that, if lines AB and OD in a 
plane lie on theaame side of the line A (7 and are equally inclined to it, 
I then the infinite space BACD must always be less than the infinite 
k space BAE, provided ouly that angle BAE be not taken less than 
\ angle BAG. That this is not true in spherical geometry, is seen very 
I xeadily; nor is it true in paendo-spherical geometry. 

* TreatiBe oa S[iOoial or Eleiueutnry Geouietrj, Uoiveriity edition, New York, 1873,^ 
' p. 70. In later editioue tljis proof is omitted nod V\as!ft\i^a a,^\o\a auuiii^. ^M 
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Those antliora who adopt the idea of "direction," and define par- 
allels as lines having the ftame dtreetiou, dispose of the whole subject 
in a trice. To them the theory of parallela givea no trouble. The 
difficulties of the subject are all hidden from sight by the notion of " di- 
rection." The following is the proof given by Hayward" of a " the- 
orem" which says, in substance, the same thing as the "parallel-axiom." 
•'The straight line baa the flame direction in every part. An angle is 
the inclination of one straight line to another ; that is, the inclination 
to each other of these two directions. Two parallel straight lines have 
the same direction. Therefore, a straight line (which has but one di- 
rection in every part), meeting two straight lines which have bnt one 
direction in all their parts, must have the same iacliuation to both. 
That is, when a straight line meets two parallel straight lines, tlie angles 
ichiek itnialies with the one are equal to lliose which it makes with the other. 
Clearer evidence of the truth of this proposition can not be desired." 
A little further on we shall consider the qaestiou. Is the directional 
method scieutiGc t 

A mathematician whose attempts to prove the "parallel-axiom" were 
awarded with the most fruitful results, wasM. Legendre. In the earli- 
est editions of his celebrated Elements, ho makes a direct appeal to the 
Benses. In the seventh edition ho aasnmes that a magnitude inoreasefl 
without limit when perpetual increase is all that is demonstrable. But 
his early proof a of the "parallel-axiom"didnot satisfy even him, and ho 
temporarily returned to Euclid's mode of treating parallels. Farrar's 
second edition of Legendre, brought out in 1826, contains this last pre- 
sentation of the subject. Further investigations led Legendre to the 
beautiful result that the theory of parallels can be strictly deduced, if 
it can previously be shown that the three angles of a triangle are equal 
to two right angles. In Farrar's Legendre of 1S31 and 1-S33 is given 
Legendre's attempt to prove this theorem without previously assuming 
the " parallel-axiom." The attempted proof is somewhat long, and in- 
troduces an infinite series of triangles. In Volume XII of the Memoirs 
of the Institute is a paper by Legendre, containing his last attempt at 
a solution of the problem. Assuming space to bo inlinite, he proved 
satisfactorily that it is impossible for the sum of the three angles of a 
triangle to exceed two right angles ; and that if there be any triangle 
the sum of whose angles is two right angles, then the same mnat be 
true of all triangles. But in the next step, to show that this sum can 
not be less than two right angles, his demonstration failed. 



Some years before Legendre completed the above investigations,! 
batchewsky of Russia adopted the bold [dan of constructing a geoifi 
etry withoat assuming the parallel -axiom. He succeeded in this, and 
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it opened np tho subject of non-Eaclidian geometry. His discoveries 
were first made public in a discourse at Kasao, February 12, 1826. We 
can not here discuss the inveatigations on this subject that were made 
by Lobatchewsky, Gauss, Bolyai, Beltrami, Hiemann, Helmholtz, Klein, 
and our own Newcomb.* 

We shall only state that the possibility of constrncting geometries 
npon dld'ereiit assomptions than those made by Euclid has become evi- 
dent. We know DOW that, assuming space to be of uniform curvatare, 
there are really three sorts of geometries possible — those of spherical 
spaoe, of Euclid's space, and of pseudo-spherical space. Each of these 
is oonsistent in itself. These three do not contradict each other, but 
form rather one great system of which each is only a special case. 

Much light has been thrown by the above generalizations upon the 
vexed subject of geometric " axioms." Do our more recent text-books 
profit by these researches 1 Some of them do. Take, for instance, 
Newoomb's Elementary Geometry. On page 14 we read, "We are to 
think of the geometric figures as mnde of perfectly stiff liues which can 
be picked up from the paper and moved about without bending or 
andergoing any change of form or magnitude." This statement em- 
tffaoes a property that is a common characteristic of all three geome- 
teies mentioned above, and distinguishes that group from any other 
which might be conceived, namely, the property that a figure can 
^ moved about without undergoing either stretching or tearing.t 
'<( Through a given point one straight line can be drawn, and only one, 
which shall be parallel to a givea straight line." The assumption, 
^one straight line can be drawn," divides the Euclidian and psendo- 
Bpherical geometries from the spherical geometry ; for in the last there 
^e no (real) straight lines that are parallel to each other. The assump- 
tioa contained in the words " and only one," separates Euclidian geom- 
etry from the pseudo-spherical. In the latter more than one line can 
be drawn through the same point, none of which intersect a given 
straight line. The assumptions thus made completely defiue the geom- 
etry of Euclid from the other two. A good statement of the assump- 
tions about Euclid's space is found also in Halsted's Geometry. 

This may be a convenient place to inquire into the scientific value of 
the term "direction" as a fandameatal geometric concept. Professor 
Halsted says, in the preface to his geometry : " In America the geome- 
tries most in vogue at present are vitiated by the immediate assumption 
and misuse of that subtle term, 'direction;' and teachers who know 
Bomethiugof the non-Euclidian, or oven the modern synthetic gometries, 
are seeiug the evils of this superficial 'directional' method. • • • 

* For a, bililiography of hyper-apace and Qon-Euclidiau geometry, see a papsc by 
George Bruce Halitcd iu tlio American Janmal of Mathematics, Vol. I, pp. 261-276, 
■Dd pp. 2S4, 385 ; Vol. II, pp. GJ-70. 

tThe property that figures can be movftd about " without bending" distinguishes 
Ike geometry on an ordinary plane or on a sphere from that on a enrfoco lilie tlia cane. 
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The present work, compoaed with special reference to aae in tescbisg, 
yet strives to present the elements of geometry in a way so absolutely 
logical and compact, that they miiy be ready as rock-fouudHtton for 
more advanced study." Wc qnote on this subject also from a promiDeot 
German work of Dr. Wilhclm Killing." " The attempts to estAblieh a 
natural basis for geoiuotery have, thus far, act been accompanied with 
desired success. The reason for that lies, in my opinion, in this, that 
even as geometry has been compelled to abandon the concept of direo- 
tiou (Begriffder SichtuRg) in the senserequired by the parallel-axiom, 8o 
it will not be able to hoid on to the concept of distance (Begriff de* Ab- 
atandes) as a fundamental concept, and must, therefore, pass far beyond 
the uoD-Euclidiau forma of spac« (SaMr\formett) in the narrower sense." 
[Ehus, according to Dr. Killing, geometry has discarded the term djiec- 
tion as a fundamental concept. 

There are several objections which can be nrged against the term 
"direction." When we think of two straight lines as having different 
directions, we imagine ourselves placed on the point of intersection and 
looking along one of the lines, then the other. The term seems clear 
as long as we apply it to lines whicli intersect each other, or which 
coincide with one another. In tho latter case we say that the two linea 
have the same direction. But we, as yet, have no geometric meaning 
of the phrase "the same direotioa," except when used of lines having 
a common point. Simply because lines which intersect each other have 
different directions, we can not logically conclude that lines whlob do 
not meet each other have the same direction. This objection was urged 
by De Morgan twenty years ago in hia review of J. M. Wilson's geome- 
try .f Says he, " There is a covert notion of direction, which, though 
only defined with reference to lines which meet, ia straightway trans- 
ferred to lines which do not. According to the definition, direction is 
a relation of lines which do meet, and yet lines which have the same 
direction can be lines which never meet. " • • How do you know, 
we ask, that lines which have the same direction never meetl Answer — 
linea which meet have di^erenf directions. We know they have ; but how 
do we know that, under the definition given, the relation called direction 
baa any application at all to lines which never meetf The notion of 
limits may give an answer; but what la a Hyatem of geometry which 
introdnoes continuity and limits to the mind as yet untaught to Uiiuk 
of space and of magnitude ! " 

Benjamin Peirce says, in the preface to hia geometry, " The tenn 
direction is introduced into this treatise without being defined ; but it 
is regarded as a simple idea, and to be as incapable of definition as 
length, breadth, and th ickntM." But in case of length we have clear and 
rigorous means of testing by the method of superposition whether two 
lengths are equal or unequal. The same is true of breadth and thiclc- 

*Die NioM-EudidiicfKn Hauin/ormii' in Aimli/lischer Beliaiidl»ag,'Lvipi\g, 1(485, pitTt 
tAlheaiBmn, Julj IB, 1363. 
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la case of direction, on the other hand, comparisons cannot 
alvays be iustitutod, at least not without becoming involved iu logical 
difflcalties. We have no aattefactory means of telling whether two non- 
intersecting lines in a plane have the same or different directions. Wo 
are not oven sure that the relation of direction can be applied to them. 
On a pseudo-fipherioal surface a whole pencil of lines can bo drawn 
through a given point which do not intersect a given line. The tines in 
this pencil do not have the eame directions with respect to one another. 
Tho qQestion then arises, which one, if any, of these lines in the pencil 
Jias the same direction as the given linet If we can not distinguish 
between the presence and absence of a quality, then that quality is 
lueless. 

Bat Buppoeo that, for the sake of argmneiit, we valve the above 
o1[:yecti0D,and say that parallel lines have the same direction. After 
defining straip:ht line, angle, parallel lines, inaccordance with theooncept 
of " direction," we can reason in the same way aa Hay ward does In the 
gnotation given under the third heading. But that mode of treating 
paiallols excludes the possibility of the existence of pseodo-spherical 
geometry, inasmuch aa it renders nbsnrd the statement that two or 
more lines intersectiug one another may exist, none of which intersect a 
third line, for lines iu a plane which have different directions with re- 
fpbot to one another cannot all have the same direction with respect to 

third lino. The above use of the term direction involves assumptions 

to the character of space which are too narrow to admit the use of 

it term as a fundamental concept. As far as possible, our Euclidian 

imetry should be made to rest upon concepts which need not be 

tbandoned when we take a generalized view of the science. Our treat- 

[nent of the elements should be a " rock-foundation for more advanced 

■tudy." 

One of the many objectious to all attempts to found the elements of 
geometry on the word "direction" ia stated by Professor Halsted in the 
Allowing manner:* "Direction is s common English word, and in 
Webster's Dictionary, our standard, the only definition of it in a sense 
at all mathematical is the fourth : ' The line or course upon which any- 
thing is moving ' " • ; as, the ship sailed in a southeasterly direction.' 
Direction, to be understood iu any strict sense whatever, posits and 
presupposes three fundamental geometric ideas, namely, straight line, 
angle, parallels. After the theory of parallels founded upon an explicit 
assumption has been carefully established, a strict definition of direo- 
tion may be based upon these three more simple concepts, and we may 
nse it as Kowau Hamilton does in bis Quaternions. But in Amerioan 
geometries, for example Wentworth's, the fallacy petttio principii is 
three times repeated by dehuiug the three component parts of direction, 
each by direction itself." 

Professor Halsted objects also t« the word "distance" as a funda- 
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mental idea. He aays, in tbe preface to his elements, that the attempt^ 
"to take away by definition from the familiar word 'distance' its ab- 
stract character and connection ■with length-units, only confages the 
ordinary stndent A reference to the article 'Measurement,' in the 
Eneyclopaidia BritanDica, will show that around the word 'distance' 
centers the most abstruse advance inparescienceand philosophy. An 
elementary geometry has no need of the words 'direction' and 'di* 
tance,'" This view receives support from Dr. Killing in the above quo- 
tation. Professor Halsted has introduced the new word sect, meaning 
"part of a line between two definite points," and corresponding to the 
German word Streolce. The objections to the word distance are stated 
by him in the following words : • " Distance is also a common English 
word, and Webster as its first definition gives, 'An interval or space 
between two objects ; the length of the shortest line which intervenes 
between two things that are separate. Every particle attracts every 
other with a force • • • inversely proportioned tothesqnareof the 
distance. Newton.' Thns, distance posits shortest line and length, there- 
fore measurement, therefore ratio, never treated before the fifth book in 
the Euclidian geometry, and never adequately treated at all in any other 
geometry without the use of the tvhole theory of limits. Yet American 
geometries, for example Weutworth's, give in place of the well-known 
simple proof of the theorem that any two sides of a triangle are together 
greater than the third, the abstrase assumption ' a straight line is the 
shortest distance between any two points,' and that after having ex- 
plicitly said that there is only one distance between two points." 

Before concludingthis essay we should like to express our belief that 
detailed discussions of the fundamental geometric concepts should be 
avoided with students beginning geometrj'. Such discussions can be 
carried on with more profit when reviewing tbe subject near the end of 
the course, or when beginning the stndy of non-Euclidian geometry. 
In this connection I can not forbear quoting from a letter of Dr. E, W. 
Davis, of the University of South Carolina. Says he, " This getting 
down to the ultimate basis of our assumptions is a long and painftil 
process, and should not be insisted upon in eiementary instruction. 
The first beginning in mathematical reasoning should bo reasoning that 
shows the student facts that are new to him. It disgusts him to have 
continually jjrored to him what he has always known, or to begin by 
asking him to doubt what he can not help but deem true in spite of all 
our fine logic. Confidence in logic should be gained by long experience 
in predicting by it the unforeseen, before we pi-oceed by it to invalidate 
deeply-rooted and universally cherished conceptions." While we fully 
indorse these views, we at the same time insist upon a scientific treat- 
ment of geometry in our textbooks, for tbe two following reasons : (1) 
When the student advances lo a more generalized view of the suttject, 
he will find that his first studies in this line rested upon a rock-founda- 
t/on, and that the old edifice can be enlarged without being flrst de- 

•Letter to tliei*rttBi,SOTBiB.liMVli'i^*»a- t^| 
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molisbed; (2) A teacher, like an honest preacher, prerers to teach doc- 
trine which is, to the best of his knowledge, logically and philosoph- 
ioall; trne. 

ON THE FOUNDATION OF ALGEBRA. • 

From Peacock's Report to the British Association, in 1833, on the Be- 
cent Progress and Present State of Certain Branches of Analysis (p. 188) 
we quote the following words : "Algebra was deuominated in the time 
of Newton specious ot unirergal arithmetic, and the view of its principles 
which gave rise to its synonym has more or less prevailed in almost 
every treatise upon this sabject which has appeared since his time. In a 
similar manner, algebra has been said to be a science which arises from 
tbftt generalization of the processes of arithmetic which resnlts from the 
Bse of symbolical language ; but though in the exposition of the prin- 
ciples of algebra arithmetic has always been taken for its foundation, 
and the names of the fundamental operations in one science have been 
transferred to the other without any immediate change in their mean- 
ing, yet it has generally been fonnd necessary subaequenily to enlarge 
this very narrow basis of so very general a science, though the reason 
of the necessity of doing bo, and the precise point at which, or extent 
[to which, it was done, has usnally been passed over without notice." 
From the same Report (p. -81) we quote the following: " In the 
tfly part of the last century the algebra of Maclauriu was alhiost ex- 
DluBively used in the public education of this conotry. It is unduly 
mpressed in many of its most essential elementary parts, and is na- 
i^Dly expanded in others which have reference to his own discoveries, 
* It was, subsequently, in a great measure susperseded, in the 
I Snglisb nniversities at least, by the large work of Saunderson. It was 
jx Bwelled out to a very unwieldy size by a vast number of examples 
Kirorked out at great length ; and it labored under the very seiions defect 
tf teaching almost exclusively arithmetical algebra, being far behind the 
jrork of Maclauriu in the exposition of general views of the science." 
There was indeed, in those days, some opposition at Cambridge (Bng- 
tod) to the use of negative quantities iu algebra. Among Cambridge 
Igebraists who argued against the use of uucb quantities were Baroo 
' Trancis Maeeres (fellow of Clare), author of a dissertation on the nega- 
tive sign in algebra (1758), and W. Frend, author of Principles of Alge- 
bra (1796-95). Both of these persons set themselves against Saunder- 
flon, Maclauriu, and the rest of the world ; for they rejected negative 
Leoantitles no less than tmagtnaries ; and, like Bobert Simson, " made 
PWar of extermination on all that distiugnisbed algebra from aritbmetla"* 
The algebras stndied by the early teachers and pupils in this country 
Bwero all English works. Maclauriu, Sannderson, Thomas Simpson, 




" Seholw A<!ademica : Some Aci;oaiit of the Studies at EDgliah UuiTeTBities in the 
Sg;llt«eiitt) Century, by C. Wordeworlh, 1B77, p. GU. 
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Hatton, Bonnycastle, and Bridge were antbors that could be found in 
the libraries of oar American professors of mathematics As pointed 
out by Peacock, these authors began their treatises with arithmetical 
algebra, but gradually and disguisedly introduced negative quantities. 

It is to be expected that our early compilers of algebra and writers 
on mathematics should imitate the English. The first publication in 
this country of a mathematical work which can, perhaps, lay some little 
claim to originality, was the work by Jared Mansfield, entitled, Essays, 
Mathematical and Physical, Containing New Theories and Illustrations 
of some very Inportant and Difficult Subjects of the Sciences.* 

In the first essay, Mansfield says that << affirmative quantities are to 
be added, negative ones to be subtracted.'^ Negative quantities ^^ can 
never exist alone or independently ; • • • for to suppose a com- 
pound where the elements have been all exhausted by the diminishing 
quantities, and something still left, would be very absurd. This, how- 
ever, may be the case apparently, and in reality no absurdity follow. 
Thus- the case above mentioned, 8*12, is absurd in itself, when pure 
numbers are considered ; but an algebraist who knows how often the 
signs are changed in order to develop the unknown quantity, and that 
the quantities are often assumed without knowing on which side the 
difference lies, views this expression as nothing else than the difference 
of 12 and 8, or as 12—8 ; for those terms ^hich have the sign + prefixed 
to them, have precisely the same effect on those to which the sign ^ is 
prefixed, as those which have the sign— on those which have the sign 
-f . The signs are totally indifferent, excepting as to the operations, 
and where no operation is to be pei'formed they are to be neglected.'* 

These views suggest an algebra purely arithmetical, which finds it as 
impossible to give a clear explanation of negative quantities as it would 

of the imaginary i/^. In fact, negative quantities are the true ^4m- 
aginaries" of such an algebra. 

Day's Algebra contains a detailed discussion of positive and nega- 
tive quantities. "A negative quantity is one which is required to be 
subtracted. When several quantities enter into a calculation, it is fre- 
quently necessary that some of them should be added together, while 
others are subtracted. The former are called affirmative or positive, 
and are marked with the sign -f ; the latter are termed negative, and 
distinguished by the sign — ." But when a negative quantity is greater 
than a positive, how can the former be subtracted from the latter! 
"The answer to this is, that the greater may be supposed first to exhaust 
the less, and then to leave a remainder equal to the difference between 
the two." The interpretation of positive and negative quantities is then 
given by employing the ideas of gain and losSj ascent and descent, north 
and south latitude, etc. 

*The work contains eight essays. Their titles are as follows: (1) On the Use of 
the Negative Sign in Algebra, (2) Goniometrical Properties, (3) Nantical ABtronomy, 
(4) Orbjcnlar Motion, (5) Investigation of the Loci| (6) Flaxionary Aoalytii, (7) 
Theory of Gannery, (8) Theory of the Moon. 
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The treatment of this subject in Day's Algebra is essentially tlie same 
as tliat Rivou by all Amerioan books, excepting; those of receut date. 
It ia only within the lost ten or fifteeu years t oat our writers on alge- 
bra (such as Olucy, Wentworth, Welle, Tlio»P,soti and Quimby, Bow- 
ser, Neweomb, Oliver, Wait, and JonoB, Van Velzer and SUchter), 
have explicitly assumcH the existence of negative as wcU as iwsitive 
qnsntities at the very beginning of their test-booke, and have clearly 
explained that the series of algebraic numbers is assumed as going out 
from inde6nitelyia both directioofl, and that the signs + and — are 
used not only as signs of operation to indicate addition and subtraction, 
bnt also as signs of quality to indicate the nature of the quantities as 
posllivo or negative. 

The algebra that is usnally fonnd in onr school-books, wherein qnan- 
titics are considered as being one or the other of two diametrically 
opposite kinds, has been called tiii/jle algebra. It differs from pure 
arithmetic in assuming the osistenco not only of i>osltivo, but also 
of negative quantities, Neither pnre arithmetic nor single algebra is 
perfect in itself, since each leads to expressions that are meaningless. In 
pure arithmetic, n—f', whenever a< ii, expresses an Impossibility and is 
an " imaginary value." In single nlfiebra this ceases to be impossible, 
bat there wo are led to another iiupossibility, another "itnuginary," 
BBamely, /— l- 

By proceeding one step further in our generalization wo come to 
lovble algebra, in which the existence of complex quantities (of the form 
t^ •/—ib) is assnmcd. Geometrically, such a quantity represents a 
ine of definite length in some one de&nite direction in a plane. This 
Igebra is capable of giving meaning to all the expressions to which it 

4b and is, therefore, perfect in itself. Some of onr recent text-books 

I Wentworth'B, Bowser's, Newcomb's, Van Velzer and Slichter's, and 

[pecially Oliver, Wait, and Jones's) give a more or less complete ac- 
Eaount of this hind of algebra in their chapters on imaginaries, Triple, 
piadruple (quaternions), and other multiple algebras have been in- 
Irented. 

It will bo seen that the true fuundationa of algebra have not been 
nnder.stoud before the pi'egeut eentury. The theory of Imaginaries in 
donble algebra has been developed chiefly by Argaud, Gauss, and 
Cauchy. The philosophy of tho fijst principles of algebra has been 
studied liy Peacock, De Morgan, Kankel, and others. They established 
the three great laws of operations, i. c, the distributive, associative, 
and commutative laws. A flood of additional light on this snbject was 
thrown by the epoch-making researches of Hamilton, Grassman, oar 
own Peirce, and their followers. TUey conceived new algebras, whose 
laws differ from the laws of ordinary algebra.* 

• Au .-icolknt Liatoriral -k.-li'U of Mnlliple Algebra, ly J. W. GilibB, of Yale, will 
be founil iu ttie I'roccciliiii^fi uf Ibe Aiuodcau Asaocintioa tat tha A.d.xg.'&tAUUfiiA. ^ . 
Soieoof, Vol. XXXV, leSO. ^ 
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DIFFERENCE BETWEEN NATIER'S AND NATURAL LOGA- 
RITHMS.* 

The term <' Xaptcriaii logai'ithm s " bas been used in three different 
ieiises; (I) as meaning Kapler's logarithu8,ortheones invented by him 
and published in IQli in hta Slirijici Logarilhmorum Oanonia Descrip- 
tion (3) as ii ByDonym for "natnral logarithmB;" (3) as conveying the 
first and second meanings combined, and, thereby, implying that the nat* 
ural logarithms are the ones invented bylfapier. Though this last use of 
the term is inadmissible, because the logarithms invented and published 
by^apicT are reallydiEferent from the naturallogarithms, it bas, never- 
theless, been the most prevalent; especially has it been prevalent in 
this country. 

An examination of the algebras which have been in use in onr schools 
will at once convince ns that tbiserror has been very general. We may 
consult the algebras of Bay, Greenleaf, Fickliu, Schuyler, Loomis, Bob- 
inson, F. H. Smith, Hackley, Davies, Bowser, Stoddard and Henkle, 
Thomson and Quimby, and many others, and we find it stated either 
that Lord Napier selected for the base of his system e = 2.718 . . ,, or 
that be assumed the modulus equal to unity. Either of these two state- 
ments is equivalent to saying that the logarithms invented by Napier 
are identical with the natural logarithms. Some authors make elate- 
ments like the following one, taken from the revised edition of Wells's 
University Algebra (p. 363): "The system of logarithms, which has c 
for its base, is called the Napierian eystem, from Napier, the inventor 
of logarithms." 

The objection to statements like this is that they almost invariably 
mislead the student. What inference is more natural than that Napie- 
rian logarithms were invented by Napier? Some explanation ought 
therefore to be made guarding agaiust this error. 

But I have seen only two American books doing this, namely, J. M. 
Feirce's Mathematical Tables, and Van Velzer and Slichter's Coarse in 
Algebra (of which a preliminary edition has just appeared). In these 
two books the truth is conveyed in plain words that Napier's logarithms 
differ from the natural. It is the object of this article to explaht that 
difference. 

It is important to note that, in Napier's time, our exponential nota- 
tion in algebra had not yet come into nse. To be sure, Stifel in Ger- 
many and Stevin in Belgium had, previous to this, made some attempts 
at deuotiug powers by indices ; but this notation waa not immediately 
appreciated, nor was it generally known to mathematicians, not even 
to the celebrated Harriot, whose algebra appeared long after Napier's 
death. It ia one of the greatest curiosities in the history of mathe- 

* This uiticle liM beua publbbml iu the Mutlii'Jtiatical Magazine, Vol. U, No. 1, and 
Uhere reproduceil with some very slight ■cbaiigea. 
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maticB that logarithms shonlil have been couatrneteil before exponents 
■were ased. We know how niiturally logarithms flow from the expoiiea- 
tial symbol, but to Napier this symbol was entirely ddIcdowh. 

The iuteresting inqniry then arises, What was Napier's treatment 
log&ritlinis T It may be briefly stilted as follows: 



I, A o B 

D F s 

Let A B bo a line of definite length, DE a line extending from D in- 
definitely. Imagine two points set iti motion at the same time, and 
with the same initial velocity ; the one point moving from 3 toward JH 
with nniform velocity ; the other from A to B with a velocity decreasing 
in snch a way that when it arrives at any position, G, its velocity is 
proportional to the remaining distance, BG. While the latter point 
travels a distance, A (7, suppose the former to move over the space /tJ". 
ITapier called DJ" the logarithm of £G. He first applied this idea to 
the calculation of a table of logarithms for the natnral sines in trigo- 
nometry. In the above figure, AB would represent the sine of 90^^ or 
the radius, which was taken by him equal to 10,000,000 or 10'. BO woald 
be the sine of an arc, and SF its logarithm. 

"The logarithin, therefore, of any sine is a number very nearly ex- 
pressing the line which increased equally in the meantime, while the 
line of the whole sine decreased proportionally into that sine, both mo- 
tions being eqnal-timed, and the beginning equally swift,"* 

This treatment of the subject is certainly very unique. Let us now 
establish the relation between those Napierian logarithms and oar nat- 
Vral logarithms. Let m=AB, x=DF, y=BC, thou A<7=»i— y. The 

velocity of the point C is ■ S^~^' =ry, r being a constant. Integi 

iag, we have 

—Nat log- y=r(+c. 

■When (=0, thou y=m, and c=— Nat log m. The velocity of the point 
Cis rm, when t=0. Since the two pointa start with the same velcity, 

wehave-j-=r»« as the uniform velocity of the point F, Hence x= 

rmt. Substituting for ( and c their values, and remembering that, 
deflaitioD, a^=Nap log y, we get 

Nap log y=m Nat log - 

The constant m was taken equal to 10'. Substitutiug we get 

Nap log y=10' Nat log — 

as the equation expressing the rolation between Napierian and natored 
logarithms. 
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That there is a difiference between the two is evident at once* We 
easily observe the characteristic property of Napierian logarithms, that 
they decrease as the number itself increases. This property alone shoold 
have been a sufficient guard against declaring the two systems identi- 
cal. The Napierian logarithm of 10^ is equal to zero. The Napierian 
logarithms of numbers smaller than it are positive; those of numbers 
larger than it are negative, or, in the language of Napier, ^^ less than 
nothing." In further illustration we give the following: 

Nap. log. 1 =» 161 180 956.509 ; Nat. log. 1 = 

Nap. log. 2 = 154 249 484.703; Nat. log. 2 =r 0.6 931.472 

Nap. log. 10 = 138 155 105.578 ; Nat. log. 10 = 2.3 025 851 

The question may be asked what ia^^ Napier selected for his system. 
We answer that he did not calculate his logarithms to a base at all. He 
ncLver thought nor ever had any idea whatever of a hase in connection 
with logarithms. The notion of a base suggested itself to mathema- 
ticians later, after the algorithm of powers and exponents, both inte- 
gral and fractional, had come to be better understood. 

If we inquire what the base to the logarithms in Napier's, tables 
would have been had he used one, then it will be found that it does not 
coincide with the natural base e, but is very nearly equal to its recip- 
rocal. In theory, that base is exactly equal to the reciprocal of e, as 
will be seen from the following relation,* which is merely another fonn 

of the one given above, 

^aplogy 

^e base - would not lead accurately to Napier's logarithmic figures, 

because the inventor's method of calculation was necessarily some- 
what rude and inexact. The modulus of his logarithms is not equal 

to 1, but nearly equal to — 1. If the base were exactly --, then the 

modulus would be exactly — 1 ; for the modulus of any system of loga- 
rithms is the logarithm, in that system, of the Napierian base e. 

The first calculation of logarithms to the base of the natural system . 
was made by John Speidell in his New Logarithms, published in Lon- 
don, in 1616, or five years after the first appearance of Napier's loga- 
rithmic tables.t 

k ■__. ■__ _ _ 

* To make the theory of exponents applicable to Napier's logarithms, it becomes 
necessary to divide th^ number y by 10^, otherwise the base raised to the zero power 
would not be equal to unity. This division really amounts to making the length of 
the line AB equal to 1 instead of 10^. If this be done, then Nap, log, y must also be 
divided by 10', so as to retain the inventor's conception that the two points on the 
lines AB and DE, respectively, move with equal initial velocities. 

t The error of calling the Napierian and natural logarithms one and the same sys- 
tem has been wide-spread. We may pardon the celebrated Montacla, the eldest 
prominent writer on the history of matheinatlcs, for makine this mistake (Montnola^ 
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CIRCLE /^QUAKERS. 



1 



It woald be strange if Amorici bad not produced her crop of " circle- 
^ fquarers," just as other coantries hare done. Our liUtorj- of thpm will 
be quite incomplete. We have not Kone out of our way to eeek tlie ac- 
quaintance of this Bingular race of " mathemattciane," nor have we 
avoided them. A few individuals have come acrosa onr path, aud we 
proceed to tell about tbem for the bouefit and ediflcation not so much of 
nathematiciaus as of psychologists- The mathematiciau coutemplatea 
tLe products of only aonnd intellects } the psychologist Btudies also tbe 
utterings of miods that are or eeom to bo diseased. 

The history of the quadrature of the circle is not without its sober 
lesions to uiathematiciauR. It extends back through centuries almost 
to the beginning of geometry as a science. 

Tbe student of the history of mathematics ia impressed by the fact 
thatthis science, more than any otber, baa always been a progressive 
one. He does not find a period in anthontio history during which 
mathematics was not cultivated qaite successfully by some uatiou or 
other The earliest contributions were made by tbe Babylonians and 
SlgypiauB, then oame tbe Greeks, then tbe lliudoos, tbtru the Arabs, 
', and fiially the Europeans. Like metaphysics, mathematics bus en- 
F eounttred fundamental problems apparently of insurmountable difE- 
oulty. But it ba« generally had the good fortune to perceive that for- 
tfficatitns can be taken in other ways than by direct attack with open 
force; bat, when repulsed from a direct assault, it is well to reconnoitre 

SUtolre let Afalliimaliqntt, loam II, Paris, 17^^, p. 21), but tbere ia banlly an; 
eiousB fff a modem writer, auch as tlovht (BittoUt da MalSitualiqucf dtpvit lear» 
OHfiinei -uiqu'aii ComTtuneemenl dit CHx-nfavihne SiMt, Parle, 1874, p. !t7B), tot 
■toinliliat over tbe laniB atono, Tbedifferencebetweeutbij tnos;itema «ae pointed 
ont ia acmftny b; Korsten in ITliS, Eaeattior in 1TT4, and MoUireide Id ISOti, bat 
no Bttentin wm paid to tbeir writings on tbis aubjeot. A liioid proof of tba non- 
identity d tUe two b; stems wiw given by Wwlterbarth (" Ltgarilhmra HyperboUqaet 
tt LogarWua KepMma," Lea Moodcs, Toiue XXVI, p. 62C). Tbe Froncb matliemft- 
ticiafi Bio wrote liliewlae on tbis subject (Jaumel St» Batatitt, 1635, p. SG9), aa did 
also Du Mrguu Id Kaglaod (English Cyclopndia, Article "Tables"}. Still mare 
raoeutly utentlon boa been cnllod to Ikis matter by J. W. L. Glaiaber (Eiicf alo- 
pradia Britonica, 9th oU., Article "Logarithms"), and by Siegmimd Qnentbei (_UJiiar- 
luckungen §r GeicMchte der nalhtmatiichen WUteatckaften, Leipzig, 1876, p. 371). The 
writinga oftbeso Bcleutists do not seeni to bave received the attontlon they deserve, 
and the emDeoDs notion of tbe Ideutity of Napierian and nutaTuI logarltlims still 
oontinaes t-be almost nnlversal. 

Napier's ciginal worlis on logarithms are very scarce. The jlflri^ LogarithmoriM 
Canonii DttripUo, etu., Edinburgi, 1614, oau be found in tbe Congresaiooal Library 
in Wttsbiugoa and in the Ridgway Library in Pbiladolpbia. The lattot library baa 
alao the Ed liab edition of tlio above work, traoslated by Edward Wright in 1610. 
"So rare ar4base original editions that, of tbe two greatest hiatoriana of logaritbma, 
Dolatiibre ueer saw the Latin edition and Uontncla never hourd of tbe Englisli," 
(Hark Napic's Biography of Lord Napier, p. 379). 
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and occupy the snrrounding coantry and discover tlie secret patfas by 
which the apparently unconquerable position can be taken." 

From thia we can draw the valuable lesaon that it is not always best 
to " take the bull by the horns." 

The valne of this precept may be seeu by giving an instance in which 
it has been violated. The history of the quadrature of the circle is in 
point. An antold amount of intellectual energy has been expended 
upon this problem, yet no conquest has been made by direct assaalt. 
The circle-squarers existed in crowds even before the time of Ar- 
chimedes and in all succeeding ageaiu which geometry was cultivated, 
down even to our own. After the invention of the differential calculifl 
abundant means were introduced to complete the quadrature, if sucba 
thing were possible. Persons versed in mathematics became convinced 
that the problem could not be solved, and dropped it. But those wao 
still contioned to make attempts upon this "enchanted castle," at it 
was supposed to h&, were completely ignorant of the history of the aib- 
jfict, and generaUy misunderstood the conditions of the problem. " Jar 
problem," says De Morgan,t " ia to square the circle with the old atott- 
once of means : Euclid's postulates and nothing more. We can net re- 
member an instance in which a qaestion to be solved by a ddinite 
method was tried by the best beads »nd answered at last by that mithod, 
after thousands of complete failures." 

Bat great advance has been made on this problem by approiching 
it from a different direction and by newly discovered paths. Lanbert, 
an Alsacian mathematician, proved in 1761 that the ratio of tie cir- 
cumference of a circle to its diameter is incommensurable. Ou^ nine 
years ago Lindomann, a German mathematician, demonstratid that 
thia ratio is also transcendental, and that the quadrature of tie circle 
by means of the ruler and compass only, or by means of any a|:ebraic 
carve, is impossible.^ He has thus shown by actual proof tha; which 
been-minded mathematicians had long suspeeted, namely, hat the 
great army of circle-squarers have, for more than two thousaid years, 
been assaulting a fortification which is as impossible to bo tTU down 
as the firmament of heaven is by the hand of man. 

Kow-a-days, a person claiming to have solved this problem 6 ranked 
by mathematicians in the same claas with inventors of "perjitual mo- 
tion," and discoverers of the "foniitaiu of perpetual youth,' A very 
peculiar characteristic of circle-sq oarers, or quadrators, asMontucla 
calls them, is that they cannot be convinced of their errors. The first 
American qnadrator we shall mention is William David ClarkMurdock^ . 
■who, in a pamphlet of eight pagea, bearing no date, gives a IfcmoDBCi 
tion of the Quadrature of the Circle. 

The next man on our list is John A. Parker, whose work on Che Qaaj 

' H. Eaokel, EntwicketaHg dtr ilatheniatii: in den Ittilin Jakrhttndtrla, ^. 16. 
tEDglish CyclopiEdia; Brl[cle, "(jundratnK of the Ciiole." 
t Mathmatiicke Anaalwit, Bund XX, p. S13. 





H18T0BICAL ES8AT8. 393 

r>ftture of the Circle (1851) was reviewed in tbe Wew Euglander of Fob- 
I mary, 1552. The most prominent characteristics of tbis work, says tlie 
[ reviewer, are, a contempt for "!ilKebra,"aDd a gruilgeagaiuat "profea- 
I sors." The author proves that all geometers from Euclid to hia {Par- 
\ ker's) great forerunner, Selia Smith, have been but blockheads in the 
very A B O's of their science. He solvea in a twinkling the vexed prob- 
lem of the " three bodiea." He seems ashamed of his usher, Seba Smith, 
and takes bim to taslc for "stealing hia thunder." Over twenty years of 
experience seem to have made Lin^ no wiser. In 1S74 be republished 
his book of over three hundred pages in almost exactly its original 
form. 

The next publication is tbe following : The Regulated Area of the 
Circle and the Area of the Surface of the Sphere, by Charles P. Bou- 
ch(!. Citizen of the United States of North America, Cincinnati, 1854, 
It covers sixty pages. Tbe author says: "Notwithstanding the per- 
fection at which mathematics may have arrived in rectilineal geometry, 
planimetry, and stereometry, yet with regard to tbe curve line, as well 
88 the s[iherical surface, we have remained in great darkness till it 
pleased the author of Spheres to afford us some bght in tliis respect, 
and from a source little expected, i. e., through tbe medium of a plain, 
but a moderately cultivated, seeker alter truth. By the assidaous ap- 
plication of mind and the blessing of God, I have ultimately succeeded 
ii correcting aome great errors respecting cvrvUineal geometry.'" 

The nest circle-squarer ou our list is Lawrence Sinter Benson, the 
aathor of a geometry. lu 1879 he published in New York a work called 
Hathematica iu a Dilemma, in which he also gives an extremely inter- 
esting history of bis eRbrts on this subject. He says that after com- 
I pleting a course of atudies at college in 1858, aud while residing ou his 
I former place in South Carolina, hia mind drifted into geometrical ab- 
I stractiona. He published new modes of demonstrating the quadra- 
I ture iu 1860 and in 1862. He says that he offered "one thousand 
I dollars to any one who could refute the result which I gave for the cir- 
cle, namely, that the perimeter of its equivalent square is exactly equi- 
distant betireen the squares circutHscribed and inscribed about the circle ; the 
iid£s of all the squares bein/j respectively parallel. This offer aud demou> 
stratiou drew me in many discussioiia, for mathematicians claim them- 
aelves able to prove that this intermediate square is just equal to an 
inscribed decjigon in the circle; whence they argue that I make the 
circle too small. Committees of expert mathematicians — professors in 
colleges were selected to decide this issue ; but no decision was made. 
Therefore, in 1864, while the Civil War was raging, I rau the blockade 
and visited Europe, and laid my demonstratiou before scientific socie- 
ties and distinguished mathematicians there." He then says that he 
returned to New York and puWished a simplificatiou of the Elements 
of Euclid, with tbe repudiation of tbe reduetio ad absurdum. Ho says 
that these changes met the approval of Profeasor Docharts of tha CWl? , 
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lege of the City of Kew York, and that^ in 1873, Oharles Davles pub- 
lished a book where he also repudiated the dbsurdum reasoning, <^For 
nearly twenty years mathematicians and myself have been at logger* 
heads on the issue made by me about the circle. I now propose to set 
at rest all doubts against the demonstration published by me in 1860 
and 1862." In more recent years Mr. Benson's efforts to revolutionize 
mathematics have been unabated. 

Dr. A. Martin tells us of a quadrator who deposited with him a man- 
uscript, in 1885, proving that the long sought for ratio is exactly 3^. 
Mr. Faber, the writer of it, distinguished himself also in other branches 
of mathematical inquiry. In a phamphlet of thirty-four pages, in 1872, 
^< Theodore Faber, a citizen of the United States, New York, ^ makes 
the << extraordinary and most significant discovery of a lacking link in 
the demonstration of the world-renowned Pythagorean problem, utterly 
disproving its absolute truth, although demonstrated as such for twenty* 
three centuries." In justice to Mr. Benson^ it should be remarked 

that he, too, is waging war against Euclid, 1, 47. * 

-- - — - ■ ■ ■-.■■- ■ ■ ■ ^ - — -^ — . . - — _^ 

* Since writing the above, we have received from Dr.Artemas Martin a copy of 
the Notes and Qaeries, Vol. V, Nos. 6 and 7, Jnne and Jnly, 1888, giving a Bibliogra- 
phy of Cyclometry and Qaadratnres. From this article wo see that Theodore Faber 
has appeared in print also on the subject of the qnadatore of the oirole. The artiola 
gives over twenty publications, besides the ones mentioned abovey by Amerioaa 
writers who believe that they have found the true and exact ratio. 
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BIBLIOGRAPHY OF FLUXIONS ASD THE CALCULPS. 

TEXT-BtlOKS PRIKTBD IX THE DNITKD STATES. 

Hdttok, Charles. Course of Matheniatict, Id two Yoluinea. 

American editiocg, revised \ij Boliert Adrain, appeared in ISI2, li^l6(l), aod 1622, 
Evert Duyckiock brought oat an e<iiliun iii New York in IS-iS, Anotber edition ap< 
peknd in ISil. TLe secoad volame contaiua a flUort aoeouut of tka doctrine of flax- 
ions, using the Newtonian notation. 

ViscE, Eev. S, The Principlet of Fluxions, first American edition, corrocted and en- 
larged. PhiladolpLIa: KlinUer d: Conrad. 1BI3. Pp.!£3U. 
EiDplojB ttie Newtonian notntloo. 
Bbzout. Firtt lYindplet 0/ Ike Dijerentlal and Intfgral Calo-liu, or tJie Doctrine of 
FlttXiom, from tlie Mathematics of Bsiout, And translnted from the Frenab for OM 
orstudents of the University at Cumbrldfie, New England. Boston, 1924. Pp. 195. 
Tbia book forms a part of Farrai's Cambridge MatlM'inntioa. It ia the flrat work 
published in tliii country emplaying the notation of I^cibuitx and the ioGuitesim^ 
method. " In the lutroductiou, taken from Carnot'a E/jtuioni eur la MilaphgBii[iudu 
Calcut Iiifinildtimal, a few examples are ^ven to show the truth of the infinll«ainiftl 
method, Independently of Its tucLnicaL form." Thia is done by explaining Chat then 
U a " conipensatioQ of errors." 
Btak, Jamks. The Differenlial and Integral Calculue. New York, 1838.' Pp. 328. 

" The works whitli 1 have principally used in preparing this treatise are Lacroix, 
Latdner, Bo^chnciat, Qamier, and Du Bonrgnet's Differential and luteKral Calculus ; 
Lagrange's Cateul del funcdntu, Simpson's FIoiIod'h, Peacork's Examples on the 
DlSerentiat and Integral Calculns, aud Ilirsch's Integral Tables" (advertiMment). 
The first section of the book Is given to "preliminary principles," in wliicb the three 
methods of Newton, D'AIembort, and Lagrange are explained. The method adopted 
fay the author is that of limita, bnt no formal definition of the term "limit" is i;iTeQ. 
The symbol (0), indicatini; the absence of quantity, is everywhere treated with the 
same courtesy and Implicit confidence as though it wore actnally a qnanlity. The 
Inquiry aa to wUeth<?r the laws of aualysia are riiitlly applicable to this foreign in- 
truder into the BODii'ty of actual maguitudea, or whether it has to bo governed by 
laws of its own, ia nowhere deemed necessary. These remorka apply with equal 
force to other works on calculus aud to works on algebra. 

YOUHG, J, R. Ehmente of Ihe DiJI^erential Crilevlu», comprehending the general the- 
ory of snrfaceB, and of carves of doable oarvatare. Revised and corrected by 
Michael O'Shannessy. Philadelphia, 1833. Pp.255. 
In the preparation of tUia American edition, the editor was assisted by Professor 
Dod, of Princeton College. 

In the explanation of the process of different la tioo, he makes A absolntcly zero, la 
an expression like thU : 

?lzJf = 3i'-i-3rA + h'. 

The copy r» bsFo before db wm fclnilly Tont to n* by Prot 
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B'8£ 

^^P "In both these casea (of wbiob that given here ie one), as iudced in ev-erj' other- 
^^K Hie reopectivo difiureDtial eo-efflctentij are only no tnaoy particular valiiea of the gen, 
^H «rala;ml)ol ~, to nhicb^LzJ^ always redaoen, wheu h = 0," In tlie above eiainpta 

i: 



■ g.s3x<. "The expreHSions ^ and -^ have, ve see, the advantage over thesymbol 
71 of particularizing the function and the independent variable oiider coneideratioa 



I 

I 



and thie, it moBt bo Mmonibered, ia all that distingnisbes y^ w 3^ from—, for dy, 

dx, dx, are each absolutely 0." " These dilTerentialH, although oncb = 0, bavo, never- 
theless, as we have already seen a determinate reiation to each other (!) ; tbns, in 
the last example, this relation is such tbnt dy^Si (a + bz) rf/, and, altboogb this 
ia the same osaayiug that0^2b(a + bz) 0; jret, as we can always immodintely obtain 
f^omthlsform the troe value of ^ or ^, we do not heaitate occasionally to make 

le of it." It will thus be seen that the author has no heaitatlon whatever iu break- 
ing np the differential co-efflcieut. 

ToUNO, J. B, The Jilementi of the Integral Calculus, with its applications to geome- 
try and to the summation of infinite aeriea. Reviaed and eorrected by Michael 
0'Shaone«ay. Philadelphia, 1633. Pp. 392. 
Davixs, CRAitLES. Analstieal Geometrn and Differential aad Integral Calcuh*. 18—, 

Etementi of (he DkfferattiaX tmA Inlcgrat Cafcuitu. 183li. 

Several editions of Davies' calculus appeared. In the improved edition of 1843 

(pp. 17 and 18) the author sajs that 2ax is the limit toward which the ratio - j^ - 
= 2ax-\-ek approaches in proportion as ft diminishes, and hence "expresses that pap- 
ticolar ratio which is indeiiendeut of the value of A." Bledsoe objects to tbia, saying, 
" Shall they (teachers) eoutiune to seek and find what no rational beiugs baveevet 

' loond, namely, that particular value of ■ ■ ■ which does not dcpoud on the valoo of 
it That is to say, that particular value of a iraclion which cloea not depend on its 
denominator!" Davies represents by dx "the last value of h, whioh can not be 
diminished, according to the law of chniiRO to whioh A or i is sulijectod, without b». 
eomingO." "It may be dilBoult," says the author, " to understand why the value 
which h assumes in passing t-o the limiting ratio is represented by dc in the first 
member and made equal to D in the second." To this Bledsoe says: "Trnly Ibis isa 
most diCBcult point to understand, and needs explanation. For if h be made abso- 
lutely zero, or nothing on one side of the equation, why should it not also be made 
Kero on the other side I " " Why should ' a trace of the letter z ' be preserved in the 
fit^t member of the equation and not in the second f The reasim is, Just because diia 
needed in the first member and not in the second to enable the operator to proceed 
with his work." 

As regards the eonception of the term "limit," Duvies believed that a variable 

actually reached its limit. ■' The limit of a variable quantity is a quantity toward 

which it may be mode to approach nearer than any given quantity, and which it 

leaohes nuder a particular sopposition."" 

Bf Davies believed that by the definition of M. Duhamel, according (owhiob a varia- 

^B ble never reaches its limit, there seemed to ho placed an " impassable barrier" ho- 

^B tween a variable quantity and its limit. " If these two qu.intilies are thus to be 

^U fbrever separated," says he, " how can they he brought under the dominion of a com- 

^B mon law, and enter together iu tho same equation T "t 
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PeiBCE, Bbwamin. An Elementary TreatUt on Carva, Funclioni, and Forctt. Vol- 
nme I, aontaiDing nualjtio geometry And the diffcrontLal colculaa. Boston and 
Cambridge, ISll. Pp. 301, Toiama II. cnntaining cakalus of iuaitiiiiit; quan- 
tities, residual oalonlns, and integral cnlculns. Boaton, 1846. Pp. 390. 
The method followed in thsBaToIumMis the i d Gut teal mal, of which the anthorwu 
a great admirer. The difiiireutial co-efScients are here denoted by D, D', etii. The 
sMoad volume treats of mao; rather advanced snhject a, such as imaginary infinitesi- 
mals, imagioar; logarithms, imaginary angles, tbu imaginary angle whose tine ex- 
eeodsanity, potential funotiona, residuals, doflnite integrals, elliptic integrals, method 
of vsriationa.liccardiffereutiuleqaationd, Hiccati'a equation, and particular solution s 
of differential eqaations. 

CHiiitcii, Albert E. Etementi of Ihe Difftrtnlial awl Integral Calcstai, Now York, 
1843. 
This 18 in many respects a good work, but the explanation of fnndamental princi- 
ples thoreiu contained is loo brief, and fails to convey a philosophic knowledge of 
tliem. The difScnltiea which a student Is likely to encounter in a treatise tike this 
have been well stated hy a writer in the Nationof October 18, 1388: "What vexes 
and perplexes him (the student) is tbali ho seeina to himself to comprehend very 
clearly what he is doing, and to be doing what ail his previous training had taught 
him he must not do. It all seems very easy, very simple, and very absard. He ia 
told to ' take the limit ' of one side of bis eqnation by striking out a quantity beoanse 
it ' is approaching zero,' while on the oth«r side the same quantity must be careftaUy 
preserved, because it Is one of the terms of the ratio which is the very essence of the 
whole process." 

McCART.'TBy, Wabhington. Pr'mripln of the Differential and Integral Caleului, and 
their application to Geometry, Philadelphia, 1844. Pp. 340. 
The author makes use of the doctrine of limita, hnt retains the language of inani- 

tesimata. " ^^isiisedasamcresyubol to denote the ultimate ratio, j^ being in reality 



Ij. But iuasmnch as the rules for diBercnliating and the geometrical application of 

ultimate ratios are more readily understood by regarding the inorements of the ordi- 
nate and abscissa as iodeSnitely small, we will call these increments in their ultimate 
itaie, indefinileig tmall ijuantititi." "Forthosakuof convenience," Ihestudentia asked 
tocalliiy and dx what he has just been told that they really are not. Such an expo- 
sition of B> fundameninl principle is qnit« apt to fail to give satisfaction to beginneis, 
McCartney's Calculus is a hook possessing several good features. 
LoOMiB, Eliab. Analgticat Geometry and Caleulua, 1851, 

Later the Calculus was published in a separate volume and much enlarged. The 
unfolding of fundamental principles, as given in the improved edition of 1874, is less 
objectionable than that in the precedi[ig workH which adopt the method of tiuiita. 
The term "limit of a variable" is here subjected to deJJniHon, but the student is not 
informed whether or not the variable ever reaches its limit. The symbol J^ is made 

toreprMflnt the limiting valno of j^^^. Confusion is apt to arise in the mind of the 
studenlWom the fact that dc is "put for theilor, x io the limiting value" ( which 
vnliie is zero), nnd is afterward said to be "indeterminate" in value, "either finlttt 

or iodeGaitely small." 

Smith, WII.LIAM. Elemnlt of the Differential and Integral Calculai. 1854. 

The anthor uses the infinitcBimnl method, but says (p. aW) that " as a logical basis 
of the calculus, the method of Newton and especially that of Lagrange have some ad- 
vantage. In other respects the superiority is immeaaorably on the side of tlio mfttlusi. 
ofLeibaitz." 
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CoUBTBNAY, EDWARD H. Treati$e on th$ D{ffarential and Integral Catalut 
the Calculus of VariationB. New York, 1855. Pp. 501. 
The expoBition of the method of limita, at giren in this in many reapeota adminhble 
work, is likewise open to objection, dx is prononnoed to be '^ indefinitely smM '' and 
equal to h, but when AsO at the limit, dx oontinnes to remain indefinitely smalL 

BOBiNSoy, Horatio N. J)\ferential and Integral CalouluSf 1861. 

Some of Bobinson's elementary works on mathematics became popular, but not so 
his advanced works. His calcnlos and astronomy met with able but serere oriticiem 
in the Mathematical Monthly. Bobinson's work did not appear in a second edition, 
but the work of Qainby was added to " Bobinson's Series" in place of it. 

DOCHARTY, Gerardus Beekman. Elements of Analytical Geometry and of the Differ' 
ential and Integral Calculus, New York, 1865. Pp. 306. 

The part on the calcnlns covers 204 pages. 

The method of limita is employed and treated in the manner customary with ua at 
the time the book was written. 

Spare, John. The Differential Calculus : with Unusual and Particular Analysis of its 
Elementary Principles, and Copious Illustrations of its Practical Applioatian, 
Boston, 1865. Pp. 244. 
This work I have never seen. Dr. Artemas Martin, who kindly sends mo its title 
calls it a unique work, as may bo seen from the following, which he quotes from ita 
preface: ''The calculus being algebra, a strictly numerical science, the present 
treatise claims to have labored successfully in putting on the true character as such. 
No insinuation is allowed to prevail that it is any part whatever of analytical geom- 
etry or that it is other than the natural sequel and supplement of common algebra; 
useful, indeed, as an appliance, to borrow, in investigation of the few kinds of 
geometrical quantity.''* 

QuiKBT, I. F. A New Treatise on the Elements of the D^erentxaX and Integral Calenlu9, 

Now York, 1868. Pp. 472. 

Here, as in other works based on the method of limita, the atudent enoountera at 


the outset the perplexing statement that -tt, where denotes "absolute zero," ia equal 

to aome particular quantity. 

Strong, Theodore. A Treatise on the Differential and Integral Calculus, New York. 
18G9. Pp. 617. 
This work was printed, but, we understand, never published. The author died 
while the work was in press. Theodore Strong was professor at Butgers College 
from 1^27 to 1863, and enjoyed the reputation of being one of the very deepest and 
most erudite mathematicians in America. He was a* very frequent contributor to 
our mathematical x)eriudicals. To students who possessed taste for mathematical in- 
Tcstigation he was a good teacher, but to those who had no taste he was unintelli- 
gible. He had an unconscious tendency to diverge into regions where the ordinary 
student could not follow him. This same tendency is exhibited in his Calculus, and 
also in bis Elementary and Higher Algebra, published in 1859. Both works possess 
many orij;ina1 foatiires, but the novelties contained in them are not alwava improve- 
ments. Tlio.o books nro defective in arrangmeent, and not at all suitecNbr use in 
the class-room. In his general view of the calculus iStroug follows Lagrange, but his 
mode of proseutalion is quite new. lie believed that his treatment divested the cal- 
culus of all ita old metaphysical encumbrances. He attempted to show how the 
foundations of this science could be established without the intervention of any of 
the antiquated hypotheses. ** It is hence clear," says he, ** that the differential and 
integral calculus are deducible from what has been done, without using iuliniteai- 
mals or limiting ratios " (p. 271). 
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Pecv, Wiluam G. PraeHeal Treatise on the Differential and Integral Calculus, with gome 
of it8 applications to meobanics and astronomy. New York and Chicago, 1870. 
Pp. 208. 
Employs the infinitesimal method. 

Sestini, B. Manual of Geometrical and Infinitesimal Analysis, Baltimore, 1871. Pp. 
131.» 
The infinitesimal method is used. 

Olney, Edward. General Geometry and Calculus, New York, 1871. 

The part on the iofinltesimal calcnlas covers 152 pages. The infinitesimal method 
is used. It is the experience of the large majority of teachers in this country that 
the infinitesimal method, taken by itself, unaided by any other method, does not seem 
rigorous to a student beginning the study of the oalcolnSi and does not fully satisfy his 
mind. 

Bics AND Johnson. The Elements of the Differential CaleuluSf founded on the mecaod 
of rates or fluxions. (Printed for the use of the cadets of the U. S. Naval Acad- 
emy.) New York, 1874. 
Without abandoning the ordinary notation, the writers retnm, in this work, to the 
method of Newton. Newton's method of rates or fluxions is employed in subsequent 
treatises written by the same authors, and also in the works of Buckingham and Tay- 
lor. By these writers much-longed-for improvements in the philosophical exposition 
of the fundamental principles of the transcendental analysis have been introducetl. 

JoiiNSON, W. WooLSEY. Integral Calculus, 

HiCE AND Johnson. An Elementary Treatise on the Differential CalculuSf founded on 
the method of rates or fluxions. New York, 1877. Pp. 469. 

Rice and Johnson. Differential Calculus (abridged). 

Rice and Johnson. Differential and Integral Calculus (abridged). 

Clark, James G. Elements of the Infinitesimal Calculus (in "Bay's Series"). New 
York and Cincinnati, 1875. Pp. 441. 
The doctrine of limits is made the basis of this work. The author follows mainly 
the excellent philosophical treatise of M. Duhamel. 

Buckingham, C. P. Elements of the Differential and Integral Calculus, By a new 
method, founded on the true system of Sir Isaac Newton, without the use of in- 
finitesimals or limits. Chicago, 1875. 

Byerly, W. E. Elements of the Differential Calculus, with examples and applications. 
Boston, 1880. 
The doctrine of limits is used as a foundation of the subject and preliminary to the 
adoption of the more convenient infinitesimal method. The notation D,y is em- 
ployed. 

Byerly, W. E. Elements of the Integral Calculus, with a key to the solution of differ- 
ential equations. Boston, ltid2. 

Bowser, Edward A. An Elementary Treatise on the Differential and Integral Calculus. 
New York, 1880. 
Adopts infinitesimal method. 

Taylor, .Tamks M. Elements of the Differential and Integral Calculus. Boston, 1884. 
The author employs the conception of rates. 



*A copy of this work was bnt to us by Prof. J. F. Dawson, S. J., of Georgetown CoUeca. W«ft^ 
Washington. 
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NswcoBfB, SiHOK. Elemenii of the J^fferential and Integral Calculus. New Torky 

1837. 
' The author nses the method of inflnitesimaUi, baaed on the doctrine of limits. An 
infiniteeimal quantity is here defined as one " in the act of approaching zero as a 
limit*" This definition of an infinitesimal has now been very generally adopted. 

It has been said that years ago a cadet at West Point, extremely fond of mathe- 
matics, thus estimated the calcnlns : '' The inventors of the differential and integral 
oalcnlas have claimed that this branch of so-called science belongs to the depart- 
ment of mathematics, and, laboring under that delusion, have introduced it into the 
course of academical instruction for the torture of students. Such classification is 
obviously incorrect, because the principles of mathematics fall within the scope of 
the reasoning faculty. The calculus, on the contrary, lies without the boundaries of 
reason."* That such should have been the impression received by the student of 
the early works on calculus is not at all strange. Our recent publications on the 
subject have, however, made decided progress in the philosophical exposition of the 
ftandamental principles. With a modem book and a competent teacher there is no 
reason why the ordinary student should not get a raHona* understanding of the 
calculus. ^ 

*Life of Oenoral Kathaniel Lyon, p. 30. The pusage is quoted in the Analyst, YoL 1, 1874» "Sdvc 
catiwial Testimony Conoeming the Caloalns." 
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